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ABSTRACT 
Natural radioactive sources expose the human beings continuously by their 
ionizing radiation. This exposure exceeds from combined man-made sources. 
Radioactive nuclides that originated in the earth's crust, are present everywhere in the 
environment. 
Radon is a noble gas is a decay product of the uranium series and has a fairly long 
half life of 3.8 days. Being an inert gas it can easily disperse into the atmosphere as soon 
as it is released. The solid alpha active decay products of radon ( Po, Po) become 
airborne and attach themselves to the dust particles, aerosols and water droplets in the 
atmosphere. On inhalation, these solid decay products along with inhaled air may get 
deposited in the tracheo-bronchial(T-B) and pulmonary(P) regions of lungs, and 
continuously irradiate the cells by a-particles which may cause lung cancer. 
Indoor radon measurements are important as the radiation dose to human 
population due to inhalation of radon and its progeny contributes more than 50% of the 
total dose from natural sources. Thus large scale studies have been carried out world 
wide. There exists few studies relating to passive measurements of thoron. It is assumed 
that the inhalation dose from thoron and its progeny is negligible, although recent studies 
in many countries have revealed that this may not be entirely correct. 
Predominant source of radon in the dwellings is the soil beneath structures, but building 
materials and water used in the homes and in few cases natural gas may also contribute. 
The concentrations of radium in soil and in building materials vary widely resulting in the 
variation of radon concentrations in the dwellings. Thus it is quite important to make a 
systematic study of the indoor radon/thoron concentration in Indian dwellings. 
tPB^^^ 
Radionuclides from Uranium ( U) and Thorium ( Th) series and Potassium ( K) 
exist in various geological formations like soils, rocks, plants, water and air. Radiological 
implication of these radionuclides is due to the gamma ray exposure of the body in 
addition to radon/thoron exposure. Thus the assessment of gamma radiation dose and 
radon exhalation rate from natural sources is of particular interest. 
In the present study measurement of radon and its progeny, radon and thoron and 
their daughters, radon exhalation rate and natural radio nuclides ( U, Th and K) in 
different materials used in building construction have been carried out and radiation risks 
are estimated. 
This thesis is divided into five chapters: 
Chapter-I 
This chapter describes a brief review of literature and gives an account of the 
history of radon and thoron and their radiation effects, the indoor radon sources and 
factors affecting indoor radon concentration levels. A brief description of effect of 
meteorological parameters on radon concentration, radon induced health effects, radiation 
terms and units, radioactivity in natural materials and track formation mechanism are 
discussed. This chapter also discusses radiation levels and their effects, effective dose. 
Equilibrium Equivalent Concentration of radon (EEC radon), EEC (Thoron), Working 
Level (WL), Working Level Month (WLM), Potential Alpha Energy 
Concentration(PAEC) and radium equivalent activity (Raeq). 
Chapter- I I 
This chapter presents a brief description of Solid State Nuclear Track Detectors 
(SSNTDs), criteria for track formation mechanism of trick formation in SSNTD's and 
revelation of tracks. This chapter gives an account of various active and time integrated 
radon measurement techniques. 
"Sealed Can Techniques" for the measurement of radon exhalation rate 
measurements in different materials used in building construction have been discussed in 
details. Twin cup radon dosimeter technique used in present study for the measurement 
of radon/thoron and their daughter concentrations has been described. Radon exhalation 
study from various materials used in building construction is of prime importance for the 
estimation of radiation risk. 
Low level gamma ray spectroscopic system using HPGe detector used for the 
estimation of activity concentration of natural radionuclides (^^^U, ^^ ^ Th and ''°K) has 
been described. 
Chapter- III 
"Sealed can techniques" were used for the measurement of radon exhalation rate 
from: coal, fly ash, ceramic tiles, granite, mosaic, bazari, badarpur, cement and slag etc, 
widely used as building construction materials in this region. The results are discussed in 
the light of radiation exposure. The effect of plastering and the use of paints of different 
colors and brands on the exhalation rates from fired bricks was also studied. From the 
radon exhalation rates radiation doses were estimated. 
Chapter-IV 
Measurements of natural radioactivity in the form of ^^ ^U, ^^ ^ Th and '^ °K activity 
concentrations were carried out in a large no. of soil, fly ash, mosaic and granite samples 
collected from different places and widely used as building construction material in the region 
and the results are analyzed. Radium equivalent activity, absorbed gamma dose rate, 
annual effective doses, external hazard index and internal hazard index were 
computed from the activity concentration of radionuclides. 
Chapter- V 
This chapter presents and discusses the results of measurement of radon and its 
progeny concentration in the rooms of the dwelling in the neighourhood of a Thermal 
Power Plant at Kasimpur and in the nearby villages using solid state nuclear track 
detectors (SSNTD) in "Bare Mode". Track detector based twin chamber dosimeters were 
used for estimating radon ( Rn) and thoron ( Rn) gases and their progeny 
concentrations in the dwellings of Kasimpur Thermal Power Plant and its neighbouring 
villages. From the concentration radiation dose and the resulting risk have been 
estimated. 
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C H A P T E R - I 
I N T R O D U C T I O N 
1.1 Introduction 
Naturally occurring background radiation is a topic which has evoked curiosity and 
concern between the scientist and layman alike in recent years due to the shift in focus 
of health effects due to exposure of radiation from acute high level to chronic low 
level. Many locations around the world have higher levels of natural background 
radiation due to elevated levels of primordial radionuclides in the soil and their decay 
products like radon (^^Rn), and thoron (^ °^Rn). In the environment of late, 
technologically enhanced naturally occurring radioactive materials have also 
contributed to the burden of background radiation. It has been estimated that 
inhalation of ^^ ^Rn, ^ °^Rn and their short lived progenies contribute more than 54% of 
the total natural background radiation dose received by the general population. 
Radon is the primary source of naturally occurring a-radiation present every 
where in the environment in varying concentration. Radon is the heaviest known gas, 
nine times heavier than air. It is the only gas in the long decay chain of heavy metal 
element. It is now well established fact that radon when inhaled in large quantity 
causes lung disorders and is the second major cause of lung cancer after smoking. The 
exposure of population to high concentrations of radon and its daughters for a long 
period leads to pathological effects like the respiratory functional changes and the 
occurrence of lung cancer (BEIR, 1999). 
During recent years, radon monitoring has become a global phenomenon due 
to its health hazard effects on population (radiation workers and general public). It has 
been estimated that out of 2.2 mSv of dose which an individual receives annually 
from low-level exposure, 1.27 mSv is due to radon isotopes and their short-lived 
progeny (IAEA, 1988; Narayanan et al. 1991; ICRP, 2000). As the radon in the 
environment (indoor and outdoor), Soil, groundwater oil and gas deposits contributes 
the largest fraction of the natural radiation dose to population, tracking its 
concentration is of fundamental interest from radiation protection, health and hygiene 
point of view in mining developments, coal fields, thermal power plants, housing, 
building construction materials etc. 
1.2 Radioactivity in Nature 
Our world is radioactive and has been since it was created. Over 60 radionuclides 
(radioactive elements) can be found in nature, and they can be placed in three general 
categories. 
1. Primordial from before the creation of the earth. 
2. Cosmogenic formed as a result of cosmic ray interactions. 
3. Human produced- enhanced or formed due to human actions 
(minor amounts compared to natural). 
Radionuclides are found naturally in air, water and soil. They are even found 
in us, being that we are products of our environment. Every day, wc ingest and inhale 
radionuclides through air, food and the water. Natural radioactivity is common in the 
rocks and soil that makes up our planet, in water and oceans, and in building materials 
and homes. There is no place on earth where we can not find natural radioactivity. 
In the United States, the annual estimated average effective dose equivalent 
from radiation is 360 mrem per adult. This is broken down as shown in Table 1.1 
Table 1.1 
Annual estimated average effective dose equivalent received by a member 
of the population of the United State. 
Sources 
Inhaled (Radon and Decay Products) 
Other internally deposited Radionuclides 
Terrestrial Radiation 
Cosmic Radiation 
Cosmogenic Radioactivity 
Rounded total from natural source 
Rounded total from artificial sources 
Total 
Average Annual Effective 
dose equivalent 
(l^ sv) 
2000 
390 
280 
270 
10 
3000 
600 
3600 
(mrem) 
200 
39 
28 
27 
1 
300 
60 
360 
As shown in the table above, 82% of the total average annual effective dose is 
from natural sources of radiation and of that, most is from radon. Of the other 18%, 
the majority is from medical diagnosis and treatments with <1% from nuclear power 
and fallout. 
Primordial Radionuclides 
Primordial radionuclides are left over from when the world and the universe were 
created. They are typically long lived with half lives often of the order of hundreds of 
millions of years. Radionuclides that exist for more than 30 half-lives are not 
measurable. Some basic information on some common primordial radionuclides are 
shown in Table 1.2. 
Table 1.2 
Primordial Nuclides 
Nuclides 
Uranium 235 
Uranium 238 
Thorium 232 
Radium 226 
Radon 222 
Potassium 40 
Symbol 
2"U 
238^ 
232^j^ 
"*Ra 
2^2Rn 
40^ 
Half- life 
7.04x1 oVr. 
4.47x10 V 
1.41x10'V 
1.60x10 V-
3.82days 
1.28xl0V. 
Natural Activity 
0.72% of all natural uranium 
99.2745% of all natural uranium 
0.5 to 4.7 ppm total uranium in 
the common rock types. 
1.6 to 20 ppm in the common 
rock types with a crustal average 
of 10.7 ppm 
0.42 pCi/g (16Bq/kg) in 
limestone and 1.3 pCi/g 
(48Bq/kg) in igneous rocks 
Noble Gas; annual average air 
concentrations range in the U.S. 
from 0.016 pCi/1 (0.6Bq/m^) to 
0.75 pCi/1 (28 Bq/m )^ 
Soil 1-30 pCi/g (0.037-l.lBq/g) 
Some other primordial radionuclides are ^V, '^'Rb, "^Cd, '"in, '^ ^Te, '^ *La, '"^Ce, 
'^Nd, '^ ^Sm, '"Gd, '^ ^Hf, '^ ^Lu, '"Re, ''°Pt, '^ ^Pt, ^^ ^Bi. 
Cosmogenic 
Cosmic radiation permeates all of space, the source being primarily outside of our 
solar system. The radiation is in many forms, from high speed heavy particles to high 
energy photons and muons. The upper atmosphere interacts with many of the cosmic 
radiations and produces radioactive nuclides. They can have long half-lives, but the 
majority have shorter half-lives than the primordial nuclides. Some common 
cosmogenic nuclides are shown in Table 1.3. 
Table 1.3 
Cosmogenic Nuclides 
Nuclides 
Carbon 14 
Hydrogen 
(Tritium) 
Beryllium 
Symbol 
'^ C 
H^ 
'Be 
Half-life 
5730yr. 
12.3yr 
53.28 days 
Source 
Cosmic-ray 
interactions, ' ' 'N 
(n,p) '^C 
Cosmic- ray 
interactions with N 
and 0, spallation 
from cosmic rays, 
^Li (n,a) ^ H 
Cosmic-ray 
interactions witli N 
andO 
Natural Activity 
6 pCi/g (0.22 Bq/g) 
in organic material 
0.032 pCi/lcg 
(1.2x10"^  Bq/kg) 
0.27 pCi/lcg. (0.01 
Bq/kg) 
Some other cosmogenic radionuclides are '°Be, ^^ Al, ^^ Cl, °^Kr, '^C, ^^Si, ^W, ^^ Na, 
^^S, "Ar, ''P,''?, «^Mg, 2^ Na, ' \ ^'Si, '«F, ^ 'Cl, ^^ Cl, ^^ "^ Cl. 
Human Produced 
Humans have used radioactivity for one hundred years, and through its use, added to 
the natural inventories. The amounts are small compared to the natural amounts, due 
to the shorter half-lives of many of the nuclides, have seen a marked decrease since 
the halting of above ground testing of nuclear weapons. Here are a few human or 
enhanced nuclides shown in Table 1.4. 
Table 1.4 
Human Produced Nuclides 
Nuclides 
Tritium 
Iodine 131 
Iodine 129 
Cesium 137 
Strontium 90 
Technetium 99 
Plutonium 239 
Symbol 
H^ 
. 3 . J 
129. 
•"Cs 
°^Sr 
^^ Tc 
2^ P^u 
Half-life 
12.3 yrs 
8.04 days 
1.57x10^ 
yrs. 
30.17yrs. 
28.78 yrs. 
2.11x10^ 
yrs. 
2.41x10^ 
yrs, 
Source 
Produced from weapons testing and fission 
reactors, reprocessing facilities, nuclear 
weapons manufacturing 
Fission product produced from weapons 
testing and fission reactors, used in medical 
treatment of thyroid problems 
Fission product produced from weapons 
testing and fission reactors 
Fission product produced from weapons 
testing and fission reactors. 
Fission product produced from weapons 
testing and fission reactors. 
Decay product of ^^Mu, used in medical 
diagnosis 
Produced by neutron bombardment of ^^^U 
(23«u+n-^23^U-^"^Np+P^^^^Pu+ p 
1.3 Aspects of Natural Radioactivity 
Natural Radioactivity in Soil 
Natural radioactivity is found in a volume of soil that is 1 sq. mile, by 1 foot deep. 
The following Tablel.5 is calculated for this volume (total volume is 7.894x10^ m )^ 
and the listed activities. Activity levels vary greatly depending on soil type, mineral 
make-up and density (~1.5g/cm^ used in this calculation). 
Table 1.5 
Natural Radioactivity by the Source Mile, 1 Foot Deep 
Nuclide 
Uranium 
Thorium 
Potassium 
Radium 
Radon 
Activity used in 
calculation 
0.7 pCi/g (25Bq/lcg.) 
l.lPCi/g(40Bq/kg.) 
11 PCi/g 
(400 Bq/kg.) 
1.3 PCi/g 
(48 Bq/kg.) 
0.17 PCi/g 
(10KBq/m^)Soii 
Mass of 
Nuclide 
2,200kg 
12,000kg 
2000kg 
1.7g 
l l^g 
Total 
Activity found in the 
volume of Soil 
0.8 Curies 
(31GBq) 
1.4 Curies 
(52 GBq) 
13 Curies (6Ci/Bq) 
500 GBq 
1.7 curies (63 GBq) 
0.2 Curies (7.4 GBq) 
>17 Curies 
(> 653 GBq) 
Natural Radioactivity in the Ocean 
All waters on the Earth, including seawaters have some radionuclides in them. In the 
following Table 1.6, the oceans volumes were calculated from the 1990 world 
Almanac: 
Pacific = 6.549x10'V^ 
Atlantic = 3.095x10'^  m^  
Total = 1.3x10%^ 
The activities used in the table below are from 1971 radioactivity in the 
Marine Environment, National Academy of Sciences; 
Table 1.6 
Natural Radioactivity by the Ocean 
Nuclide 
Uranium 
Potassium 40 
Tritium 
Carbon 14 
Rubidium 87 
Activity used 
in Calculation 
0.9 PCi/L (33m 
Bq/L) 
300 PCi/L 
(UBq/L) 
0.016 PCi/L 
(0.6m Bq/L) 
0.135 PCi/L 
(5m Bq/L) 
28 PCi/L (1.1 
Bq/L) 
Activity in Ocean 
Pacific 
6x10* Ci (22E 
Bq) 
2x10" Ci (7400 
EBq) 
IxlO^Ci 
(370 PBq) 
8x10^ Ci 
(3EBq) 
1.9x10'° Ci 
(700 E Bq) 
Atlantic 
3x10* Ci (HE 
Bq) 
9xl0'° Ci (300 
EBq) 
5x10^ Ci (190 
PBq) 
4x10^ Ci (1.5 E 
Bq) 
9x10' Ci (300 
EBq) 
All Oceans 
I.lxlO'Ci 
(41 EBq) 
3.8x10" Ci 
(14000 EBq) 
2x10^ Ci 
(740 PBq) 
1.8x10* Ci 
(6.7 E Bq) 
3.6xlO'°Ci 
(1300 EBq) 
Food 
Every food has some small amount of radioactivity in it. The common radionuclides 
in food are potassium C°K), radium 226 (^ ^^ Ra), and uranium 238 (^ *^U) and the 
associated progeny. Here is a Tablel.7 of some of the common foods and their levels 
of^Kand^^^Ra. 
Table 1.7 
Natural Radioactivity in Food 
Food 
Banana 
Brazil Nuts 
Carrot 
White Potatoes 
Beer 
Red Meat 
Lima Bean Raw 
Drinking Water 
'"K(pCi/kg) 
3,520 
5,600 
3,400 
3,400 
390 
3,000 
4,640 
-
""Ra (pCi/kg) 
1 
1,000-7,000 
0.6-2 
1-2.5 
-
0.5 
2-5 
0-0.17 
Human Body 
We are made up of chemicals and some of them are radionuclides many of which we 
ingest daily from water and food. Here are the estimated concentrations of 
radionuclides calculated for a 70,000 gram adult based on ICRP-30 data shown in 
Table 1.8. 
Table 1.8 
Natural Radioactivity in our Body 
Nuclide 
Uranium 
Thorium 
Potassium 40 
Radium 
Carbon 14 
Tritium 
Polonium 
Total Mass of 
Nuclide found in 
the body 
90iig 
30ng 
17mg 
31pg 
22ng 
0.06pg 
0.2pg 
Total activity of 
Nuclide found in the 
body 
30pCi(l.l Bq) 
3 pCi(O.llBq) 
120 nCi (4.4k Bq) 
30pCi(I.lBq) 
0.1^Ci(3.7KBq) 
0.6 nCi (23Bq) 
1 n Ci (37 Bq) 
Daily intake of 
Nuclides 
\.%g 
3^g 
0.39mg 
2.3pg 
1.8ng 
0.003pg 
-0.6 fg 
Natural Radioactivity in Building Materials 
Building materials have some radioactivity in them. Here are few of common building 
materials and their estimated levels of uranium, thorium and Potassium. 
Estimates of concentration of uranium, thorium and potassium in 
building materials. 
Material 
Granite 
Sandstone 
Cement 
Limestone 
Concrete 
Sandstone 
Concrete 
Dry Wall board 
By product 
gypsum 
Natural Gypsum 
Wood 
Clay Brick 
Uranium 
ppm 
4.7 
0.45 
3.4 
2.3 
0.8 
1.0 
13.7 
1.1 
-
8.2 
mBq/g 
(pCi/g) 
63(1.7) 
6 (0.2) 
46(1.2) 
31 (0.8) 
11 (0.3) 
14(0.4) 
186(5.0) 
15(0.4) 
-
111(3) 
Thorium 
ppm 
2 
1.7 
5.1 
2.1 
2.1 
3 
16.1 
1.8 
-
10.8 
mBq/g 
(pCi/g) 
8 (0.22) 
7(0.19) 
21 (0.57) 
8.5 (0.23) 
8.5 (0.23) 
12(0.32) 
66(1.78) 
7.4 (0.2) 
-
44(1.2) 
Potassium 
ppm 
4.0 
1.4 
0.8 
0.3 
1.3 
0.3 
0.02 
0.5 
11.3 
2.3 
mBq/g 
(pCi/g) 
1184(32) 
414(11.2) 
237 (6.4) 
89 (2.4) 
385(10.4) 
89 (2.4) 
5.9 (0.2) 
148 (4) 
3330 (90) 
666(18) 
(NCRP94,1987, except where noted) 
1.4 Sources and Doses of Radiation Exposure 
The world is full of radiations. These radiations come from several sources such as 
space and on the earth itself all humans are constantly bombarded by natural and 
artificial radiations. Radiation all around us is a part of our natural environment. 
Various sources of radiation exposure (natural and man-made) are shown in Fig. 1.1 
SOURCES 
Natural 
Extrslerrestrial 
1 
TeiTKtrial 
Cosmic-iays 
Outdoor Indoor 
Rodcs Soil 
Soil Building Material 
Outside Air TapWata-
hfatuial Gases 
Man made 
• Medical andDentalX-nj 
— Occupational exposures 
Nudear exposures 
Radioactive &llout 
— Nudear Reactor Wass 
~ M'scellaneous 
TV, Luminous dials, Lumirrius 
markrs, isotope tagged 
products etc. 
Fig: 1.1 Sources of radiation exposure 
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These radiations include cosmic rays which include high energy electrons and protons 
that come from the outer space and become more intense at higher altitudes, alpha 
particles emitted from radioactive isotopes, uranium and thorium and beta particles 
emitted from potassium 40. These radioactive materials also emit gamma radiations. 
Uranium and thorium present in the rock and soil decay to form the radioactive gas 
radon and thoron. Radon along with its progeny leak into the atmosphere, where 
people inhale and get their lungs irradiated. Natural radiation is of particular 
importance because it is the largest contributor to the collective dose of world 
population (NCRP, 1987). Worldwide average annual effective dose from cosmic rays 
is 0.38 mSv (UNSCEAR, 1993; 2000). In general the range of individual annual 
effective dose from cosmic rays is 0.26 to 2 mSv . 
Artificial sources of radiation include discharges from nuclear and thermal 
power plants and contaminated articles from radiotherapy and other departments in 
hospitals. The radiation exposure to a nuclear worker can either be external or internal 
and is mainly due to beta and gamma rays. External exposure is caused due to 
radioactive sources external to the body whereas internal exposure is caused due to 
radioactive materials entering the human body through food, inhalation, ingestion and 
injection. The world-wide average dose received by a person is 2.2 mSv/y. the 
international standards allow up to 20 mSv a year exposure for those who work with 
an around radioactive materials. Global averaged exposures for radiation in different 
fields are in the range of 2 to 8 mSv/y (NCRP, 1987). 
The contribution of various natural sources of radiation to the average annual 
effective dose is shown in Fig 1.2. The rate at which doses from cosmic rays are 
delivered is fairly constant at any one point on the earth's surface but vary with 
latitude and, to a greater extent, with altitude. Consequently, people living in towns 
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with higher latitude above sea level are exposed to greater cosmic radiation. It is well 
known that primary cosmic rays are substantially affected by the earth's magnetic 
field which deflects the lower energy radiation back into space. As a result of this 
process, the flux of cosmic rays is greater at the north and south poles than it is at the 
equator. Typical values at sea level in temperate latitudes are of order of 0.30 mSv/y. 
As the latitude increases, dose rates approximately double every 1,500 meters up to 
few kms above the earth. For example, Bombay ( at sea level) measures a total of 
0.484 mSv/y of radiation under natural background condition of which 0.28 mSv/y 
comes from cosmic sources (Nambi and Soman, 1987). 
Contribution of various natural sources of radiation 
to tiie average annual effective dose 
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Fig-1.2 Contribution of various natural sources of radiation to tlie average 
annual effective dose 
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1.5 Genesis of Radon 
The history of the discovery of radon is as old as the history of the discovery of 
radioactivity in 1896. Radon was discovered in 1900 by Friedrich Ernst Dorn. It was 
originally named as niton, from the Latin word "nitens". The nit comes from the 
Latin, meaning shining or the property of emitting light. The suffix on, was used to 
place it in the noble gas series of the periodic table. In 1921 M. Uhlig suggested that 
radium emanation might be the cause of lung cancers (Uhlig, 1921). In 1925 the name 
radon began appearing in the literature. 
1.6 Physical and chemical properties of radon 
Radon is a colourless, odourless, chemically inert radioactive gas. It is about 7.5 times 
heavier than air and about 100 times heavier than hydrogen. Its atomic number is 86 
000 00(^ 01Q 
and it has three isotopes, namely Rn (radon), Rn (thoron) and Rn 
(actinon). The sources of these radioactive gases are the radioactive elements, i.e., 
uranium and thorium present in the earth's crust. ^^ R^n occurs as immediate decay 
oofi 01ft oon 
product of Ra (Radium) in the decay series of -^""U (Uranium). ""Rn occurs as 
OO^ O^O OIQ 
immediate decay product of Ra in the decay series of '^^ Th (Thorium) while "^Rn 
occurs as immediate decay product of ^^ T^h in the decay series of ^^ U^ (uranium). As 
these radioactive elements are present in varying amounts in earth's curst almost at 
every place, these gases are also present in the atmosphere in varying amounts at all 
places. The three decay series are shown in Figs. 1.3, 1.4 & 1.5. ^^ R^n has half-life of 
3.824 days while ^^ °Rn has a half-life of 55 s and '^^ Rn has very short half-life of 3.9 
s. The difference in the half-lives of radon (3.824 days) and thoron (55s) is important 
for the release of these gases from ground and distribution in atmosphere. 
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Concentration of '^^ Rn is not significant in atmosphere due to its short half-life and 
due to small abundance of •^'^ U in natural uranium. 
Radon daughters products are divided into two groups based on their half-lives: those 
with half-lives below 30 min. are termed as short-lived and others as long-lived. The 
short-lived radon daughters are: '^*Po (RaA; 3.05 min.), ^ "*Pb (RaB; 26.8 min.), "^*Bi 
(RaC; 19.7 min.) and '^"Po (RaC; 164 ^s), while the long-lived daughters are: '^°Pb 
(RaD; 22.3 years), '^^ Bi (RaE; 5.1 Days) and 2 ' % (RaF; 138.4 days). There is no 
long-lived group for thoron daughters. 
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1.7 Radon in Homes 
The concentration of radon in a home depends on the amount of radon producing 
uranium in the underlying rocks and soils, the routes available for its passage into the 
home and the rate of exchange between indoor and outdoor air. Radon gas enters 
houses through openings such as cracks at concrete floor-wall functions, gaps in the 
floor, small pores in hollow-block walls, and through sumps and drains. 
Consequently, radon levels are usually higher in basements, cellars or other structural 
areas in contact with soil. 
Exchange of indoor air with the outside depends on the construction of the house, 
ventilation, habits of the inhabitants and sealing of windows. The radon concentration 
in houses directly adjacent to each other can be very different. Radon concentrations 
within a home can vary with the time of the year, from day to day and from hour to 
hour. Because of these fluctuations, estimation of the annuals mean concentration of 
radon in indoor air requires reliable measurements of mean radon concentration for at 
least three month and preferably longer. Short term radon measurements give only 
limited information. 
1.8 Dealing with Radon in Homes 
Radon levels in indoor air can be lowered in a number of ways, from sealing cracks in 
floors and walls to increasing the ventilation rate of the building. The five principal 
ways of reducing the amount of radon accumulating in a house are: 
• Improving the ventilation of the house and avoiding the transport of radon 
from the basement into living rooms. 
• Increasing under-floor ventilation. 
• Installing a radon Pump system in the basement. 
• Sealing floors and walls and 
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• Installing a positive pressurization or positive supply ventilation system. 
Radon safety should be considered when new houses are built, particularly in high 
radon area. In Europe and the United States, the inclusion of protective measures in 
new buildings has become routine for some builders and in some countries has 
become a mandatory procedure. Passive systems of mitigation have been shown to be 
capable of reducing indoor radon levels by upto 50%, when radon ventilation fans are 
added (active system) radon levels can be reduced further. 
1.9 Radon generation and release to atmosphere 
Radon and isotopes are produced in mineral grains containing radium present due to 
uranium or thorium. Within a rock, different minerals contain radioactive elements in 
varying concentrations. Once the radon is produced in a mineral grain, only a fraction 
of it is able to escape from where it is generated. The fraction of radon generated in 
grain that is able to escape to pore spaces is called emanation coefficient. The 
emanation process involves the recoil effect of emitted alpha particle during the decay 
of ^^ ^Ra. The emitted alpha particle can give sufficient recoil energy to ^^ R^n nucleus 
so that it can leave the grain and enter interstitial space if the radium atom is 
sufficiently near the surface of the grain and recoil properly directed (Kigoshi, 1971). 
If the interstitial space is filled with water, the recoiling ^^ R^n atom will be stopped in 
pore space. If the interstitial space is dry, then the recoiling atom may get embedded 
in another grain close to the surface. In doing so, the recoiling atom produces a 
damaged region in mineral called an alpha recoil track, which in some materials is 
preferentially soluble (Huang and Walker, 1967). 
Later presence of water may dissolve the damage track and release the radon. 
This is the second way in which the radon can be released form the rock. The two 
radon release mechanisms are shown in Fig. 1.6. Thus the water is very important for 
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the release of radon from the ground. The radon so trapped in pore spaces gets 
transported with groundwater movement. If the water is present as a thin layer (less 
than 2 cm), radon can escape to dry pore spaces and subsequently to atmosphere. It is 
worth mentioning here that radon can move a distance of only 1.5 m in 
dry pore spaces before it decays (Fleischer and Mogro-Campero, 1978). So the soil 
within a few meters beneath the house can contribute to the indoor radon in general. 
For radon to enter the atmosphere, it must be transported through the pores of 
material so that a fraction of it reaches the surface before it decays. There are two 
processes of radon transport to air: diffusion and convective flow. Diffusion, flow of 
gas under the concentration gradient, is described by Pick's law. If C is the 
concentration of radon in interstitial space, D is the diffusion coefficient, the flux Qd 
in the x direction is given by 
Qd = -D dC/dx 
Convective flow induced by pressure differences can be characterized by 
Dacy's law which relates the flow rate per unit cross-sectional area Vj to the gradient 
of pressure P: Vj = -K dp/|xdx, where K is the permeability of the medium and \i is the 
dynamic viscosity of the air. If the flux density is Qf=Vd. C, then the total radon flux 
In the material is Q = D dC/dx+ Vd.C The amount of activity released per unit surface 
area per unit time is called exhalation rate. 
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RECOIL INTO 
WATER 
Rn RECOIL 
STOPPED IN PORES 
ETCHjNGOF 
TRACKS 
LATER;LOOSENED 
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Figl.6 Mechanisms of radon release from the mineral grains 
21 
1.10 Factors affecting indoor radon concentration levels 
The major factors which influence the indoor levels of radon and radon progeny to 
which occupants are exposed are the source strength of radon bearing materials (soil, 
building materials and water), structural characteristics of the home which effect 
radon entry and removal and meteorological conditions. Radon is released from the 
soil, rock and building materials into the environment through the mechanism of 
diffusion and transport that is affected by several factors (King, 1978; Strong and 
Levins, 1982; Stranden et al., 1984; Singh et al., 1988). The local geological factors 
if not dominant play a major role in determining the distribution of indoor radon 
concentrations in a given area (Hess et al.,1985). The infiltration of soil gas through 
cracks and holes in the foundation is also the largest contributor to indoor radon 
concentration levels. 
1.10.1 Source Strength 
The most important factor that influences the radon concentration is the source 
strength which ultimately depends upon the ^^ R^a content in the soil beneath the 
houses, the building materials used for construction of houses and the associated 
water supply. 
1.10.2 Structural Characteristics 
From the various structural characteristics, the factors that affect the indoor radon 
concentration are: 
(a) Air Exchange Rates 
The air exchange rates depend upon the following mechanisms: 
1. Infiltration: Air leakage inward through cracks and interstices and through 
ceiling, floors and walls of a building. Air movement occurs due to pressure 
differences. 
22 
2. Natural ventilation: The movement of air into and out of a space through 
intentionally provided openings such as windows and doors or by infiltration. 
3. Mechanical ventilation: Forced movement of air between the indoor and 
outdoors produced by fans. 
A variety of factors such as shape and height of the buildings, the air tightness, the 
location of doors and windows, the climate and the life style of occupants etc. also 
influences the air exchange rate. 
(b) Substructure Configuration 
The critical factor influencing radon entry rate in the dwellings is through the building 
substructure. Several studies which have analyzed the contribution of various sources 
of indoor radon levels have concluded that the direct infiltration of soil gas into a 
house is generally the largest contributor to indoor radon levels. It follows that 
variability in soil gas transport through cracks and other penetration in the foundation 
are likely to be the major cause of the distribution of residential indoor radon levels in 
any given region. The cracks in the basement slabs are the most common sources of 
radon diffusion into the houses, the joint between the wall and the floor is the next 
common pathway for entry of radon. 
(c) Building Type and Design 
In addition to ventilation and substructure characteristics, the building design may 
impact the indoor radon concentration. Earth sheltered dwellings provide more 
surface area for diffusion of radon bearing soil gas and frequently larger than average 
radon concentration. 
1.10.3 Meteorological and environmental Conditions 
Moisture, temperature, wind speed and atmospheric pressure all of which affect radon 
exhalation rates and infiltration, appear to be of major importance. 
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(a) Moisture 
A radon atom produced after alpha decay of radium has significant recoil energy and 
can come to stop in the fluid in the pore spaces and can then move through the porous 
medium by various mechanisms. The low emanation ratios of some building 
materials, such as brick, cement and fly ash may be associated with the fact that they 
have very low moisture contents, affording little opportunity for recoiling radon atoms 
to come to stop in pore spaces (Nero and Nazaroff, 1984). There seem to be three 
major effects of moisture causing an increase in radon exhalation: 
1. The direct recoil fraction of the emanation power is increased when there is a 
fluid present in the internal pores of the material. 
2. The fluid may hinder absorption of radon gas in internal surfaces of the 
material. 
3. If there is a moisture content gradient in the sample, active transport of radon 
on water molecules may take place. 
Up to a certain level of moisture in the material, the effects which increase radon 
exhalation are dominating, however, after optimum moisture content, the reduced 
diffusion due to water will dominate strongly. If the porosity of the samples is high, 
more water will be taken up by the sample before the pores are filled, and the 
maximum radon exhalation will occur at higher moisture content than for low 
porosity materials (Stranden et al. 1984). 
(b) Pressure 
Flow of radon bearing air through soil and building materials is an important 
mechanism for radon entry. The radon exhalation will vary with the atmospheric 
pressure. A sudden drop in pressure will cause an increase in radon exhalation due to 
sucking effect of the falling pressure. It has been observed that radon concentration at 
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moderate depths are depleted during periods of high wind speed (Kraner et al., 1964; 
Israelsson, 1980) and it has been suggested that this is due to the turbulent pumping 
i.e. local pressure changes in the vicinity of the soil surface. Clements and Wilkening 
(1974) found good agreement between a theoretical model, which combined flow and 
diffusion effects during barometric pressure changes, and experimental results. 
(c) Temperature 
Radon exhalation is seen to increase with temperature, though the effect is smaller 
than the effect of moisture (Stranden et al. 1984). Ghosh (1975) has studied the effect 
of temperature on powdered ore. It is observed that when the sample is subjected to 
mild heating (100-200 "C), almost all the adsorbed emanation is released from the 
grains. Further heating does not change the situation till about 800-1200 °C when a 
phase change takes place and the trapped radon or thoron from the core of mineral 
grain is released. 
1.11 The Need for Radon Measurements 
The problem of radon is an important global problem of radiation hygine concerning 
the world population. Radon is present in trace amounts almost everywhere (Indoor 
and outdoor) on the earth, being distributed in the soil, in the ground water and in the 
lower atmosphere. Radioactive radon can migrate from soils and rocks and 
accumulate in surrounding enclosed areas such as homes and underground mines. 
Measurement of radon, thoron and their progeny is important because the radiation 
dose to human population due to inhalation of radon and its progeny contribute more 
than 50% of the dose from all sources of radiation, both naturally occurring and man 
made (UNSCEAR,2000). A relationship between lung cancer and inhalation of radon 
and its decay products has been demonstrated (Lubin and Boice, 1997). Recent 
epidemiological evidence suggests that inhalation of radon and its decay products in 
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domestic environments could also be a cause of lung cancer ( ICRP, 1993; BEIR, 
1999). 
Measurements of indoor radon are important because the radiation dose to 
human population due to inhalation of radon and its progeny contribute more than 
50% of the total dose from natural sources. Hultqvist (1956) carried out the first 
measurement of indoor radon in Sweden. Systematic surveys of indoor radon started 
in many countries soon after the incidental discovery. Ramachandran et al. (1986) 
started indoor radon level measurements in dwellings in India and since then selective 
radon surveys have been in progress by our group(Khan et al, 1992; Kumar et al, 
2003; Mahur et al 2005,2008) and other various groups (Ramola et al., 1987; 1998; 
1992; Ramachandran et al., 1987; Sonkawade et al., 2002; 2004). The prevailing 
indoor radon levels in India reported by various radon measurement groups range 
from 1.5 to 2000 Bq m"', while the level to be considered normal is in the range 
of 10 to 60 Bq m''' (lARP, 1994). A large number of radon surveys have also been 
carried out abroad (Porstendorfer et al., 1994; Alvanja et al., 1999). Worldwide 
population weighted arithmetic mean value of radon concentration has been estimated 
to be 40 Bq m"^  (UNSCEAR, 1994). 
A large number of indoor radon surveys carried out in India and abroad reveal 
that there is a large variation in radon levels (few Bq m"^  to, 1,00,000 Bq m'^ ). The 
recommendations of various national and international organizations for radon levels 
in indoor air are given in Tablel.9. Dose from inhalation of radon in dwellings is 
more than that from all other natural radiation sources (UNSCEAR, 1993). The 
estimated level of health risk associated with average indoor radon level is much 
higher than those due to other environmental carcinogen (Nazaroff and Nero, 1988). 
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In this light, tracking indoor radon concentration is of fundamental interest from 
health and hygiene point of view. 
Table 1.9 
International and National recommendations for indoor radon levels 
Recommended Rnduu Level (Bq m*) Reference 
150 
400 (for existing houses.) 
200 (for future) 
250 
200 
200-600 (for dwellings) 
500-1500 (for work places) 
(USEPA, 1986) 
(ICRP, 1984) 
(FRG, 1988) 
(NRPB. 1990) 
(ICRP. 1993)* 
(ICRP, 1993)* 
* The recommendations of ICRP, 1993 are QIHO being followed in India 
1.12 Track Formation Mechanism 
When a heavily ionizing nuclear charged particle passes through an insulating solid, 
the physical, chemical and other properties of the solid along and around the path of 
the particle change and a narrow path of intense damage is created. This narrow path 
is called latent track and the track recording materials are known as solid state nuclear 
track detectors. Various authors have suggested to relate the track formation with 
different parameters, such as total rate of energy loss, primary ionization, restricted 
energy loss etc. Experimentally set up track formation criterion is that there exists a 
certain value of energy loss rate (known as critical value of energy loss rate below 
which the tracks are not formed in solids. The critical energy loss rate is generally 
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denoted by Jc = (dE/dx)c, the values of which is different for different solids but same 
in a given solid for all the particles (Fig. 1.7). It can also be seen from Fig. 1.7 that a 
particle may not be able to produce track if either energy is too low or too high. 
However, if the value of J is less than Jc for a given solid, the tracks will not be 
formed in the solid at any energy of the traversing particle. 
The charged particle latent tracks are narrow (< 50A° radius), stable, chemically 
reactive centres of strain, composed mainly of displaced atoms rather than electrons 
(Maurette, 1970; Fleischer et al., 1975). On the basis of experimental tests conducted 
(a) on the measurement of effects of electron irradiation on chemical dissolution rates 
of solids, and (b) on the measurement of radial distribution of etchable damage in 
solids; It has been concluded that two separate mechanisms of track formation exists, 
one for the inorganic solids and glasses and other for organic solids or polymers 
(plastics). 
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Fig.1.7 Curves of primary ionization rate J as a function of relative velocity (P) 
and energy per nucleon for a number of ions. The experimental points 
for accelerator ions in lexan polycarbonate are given as open circles for 
zero registration and as filled circles for 100% registration. Thresholds 
for other detectors are also indicated. 
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In case of inorganic solids and glasses, the ion explosion spike model proposed by 
Fleischer et al. (1965) provides a considerably satisfactory explanation of track 
formation mechanism. According to this model, a positively charged particle knocks 
out the orbital electrons of the atoms lying in and around the vicinity of its path, thus 
producing the cylindrical region full of positive ions. These positive ions there upon 
repel one another violently, thus disturbing and distorting the regular lattice in a 
crystalline solid (Fig. 1.8) and producing a more or less cylindrical region (Bonfiglioli 
et al., 1961; Lindhard and Thomson, 1962; Chadderton and Montagu Pollock, 1963; 
Benton, 1967; Fleischer et al., 1967). On the other hand, in case, of organic polymers 
and plastics it is believed that both the primary and secondary ionization and 
excitation play a role in the production of etchable tracks in the organic polymers 
(Fleischer et al., 1967). The charged particle leads to the breaking up of long 
molecular chains of the polymers. These broken molecular chains rarely unite at the 
same place, instead they produce broken bonds and free radicals etc. which are 
chemically more reactive (Fig. 1.9). These latent damage trails can be developed by 
using the appropriate etchant to visualize them under the optical microscope. It is 
explained as follows: 
As the damage trails are chemically more reactive regions (compared to the 
undamaged area), on etching the sample in appropriate etchant, all those trails which 
intersect the surface are rapidly dissolved and hollow 
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Fig.1.8 The ion explosion spike mechanism for track formation in inorganic 
solids. 
a. The atoms ionized by the massive charged particle. 
b. The mutual repulsion of ions separated and forced them into the lattice. 
c. Stressed region relaxes elastically straining the undamaged matrix. 
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Fig.1.9 Track formation in organic polymers (Plastics). The charged particle 
ionizes and excites the molecules, breaking the polymer chains. The 
chain ends rarely reunite in the same place, but usually react with 
oxygen or other dissolved gases in the polymer forming new species 
along the particle's trajectory (shown by black dots) that are chemically 
reactive. 
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cylindrical tubes of about SOA" diameter are left behind. The undamaged well of 
hollow tube is attacked and its diameter increases into micron range, thus ultimately, a 
modified enlarged version of the original damage trail is produced which can be seen 
easily under an optical microscope. 
The Radiation damage trails are more susceptible to chemical reaction as compared to 
other bulk materials because of the large free energy associated with the disordered 
structure. The technique of enlarging the latent trails of radiation damage with 
suitable chemical agent is called chemical etching. The shape of the etched track in 
certain materials depends not only on the charge, mass and velocity of the incoming 
particle and on the nature, concentration and temperature of the etchant but also on 
the environmental conditions at the time of irradiations and pre-etching treatments. 
The shape of the track also depends on the ratio of chemical attack along the track VT, 
to the rate of chemical attack for the bulk material VB. This process of track revelation 
involves the concept of critical angle 9 = Sin'' (VBA^T)- If the angle of incidence of 
the charged particles with respect to the surface of the detector is less than the critical 
angle, the tracks of the incident particles can not be revealed (Fleischer et al., 1975). 
As the etchant moves in the material along the damage trails at a faster rate, i.e. VT> 
VB it produces a conical etch pit (Fig. 1.10). 
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Fig. 1.10 Track registration geometry 
a. Shows the shape of etched track when VBA'T<1. 
b. No track formation, as the surface is removed at a faster rate than the 
normal component of VT. 
c. Shows Sin"' (VBA^T), the critical angle 9c above which tracks are 
registered. 
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The etching efficiency of the detection depends upon the critical angle and is given by 
f) = 1-Sin ec 
The etching efficiency depends upon the composition of the material, the nature of 
the damage produced by the charged particle, etchant parameters and etching time. 
1.13 Terminology 
Radiation Terms and Units 
Following are the terms and units generally used in the measurement of radiation and 
its effects: 
Activity 
The activity of a radioactive sample is a measurement of the rate of decay of its 
nuclei. The S.I. unit of activity is Bequerel (Bq). One Bq is equal to one 
disintegration per second. The old unit of activity is curie (Ci). One Ci is 
approximately equal to the activity of 1 gram of ^^ ^Ra, which is equal to 3.7x10'° 
disintegrations per second. Thus 
ICi = 3.7x10'°Bq 
Exhalation Rate 
The rate at which radon is released from a solid surface into the adjacent air, in Bq m"'^  
s"'. It is function of the radon production rate and the diffusion coefficient of the solid. 
"The emission of radon per unit area per unit time is called exhalation rate" 
and depends upon: 
1. Radium concentration in the material. 
2. Emanation factor of radon from material. 
3. Diffusion coefficient of radon in the material. 
4. Porosity and density of the material. 
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Absorbed Dose 
The absorbed dose 'D' is defined as the energy absorbed in matter per unit mass. The 
old unit of absorbed does is rad and S.I unit is Gray (Gy) or i/kg. 
If 100 ergs of radiation energy is deposited in one gram of irradiated matter, it 
is called 1 rad. 1 Gray is defined as 1 Joule of radiation energy deposited in 1 kg of 
irradiated matter. 
l G y = l J k g - ' = 100 rad 
Dose Equivalent 
The dose equivalent is the product of absorbed dose, quality factor and factor N which 
is product of all modifying factors. It is a measure of both, the energy absorbed by the 
mass and radiobiological effectiveness (RBE). 
The conventional unit of equivalent dose is rem and S.I. unit is sievert (Sv) 
lSv=100rem= IJkg"' 
And 1 rem= lOmSv 
The absorbed dose multiplied by radiation weighting factor (Wr) is known as 
equivalent dose (Hj) 
H-r DxWr 
Effective dose equivalent 
It is calculated by multiplying the dose equivalent for an organ by a weighing factor, 
which accounts for radio sensitivity of that organ. The total risk to an individual is 
equal to sum of the effective dose equivalents for all organs of the body. 
The equivalent dose multiplied by a tissue -weighting factor (WT) is called the 
effective dose (E) 
E = HT WT 
36 
If more than one tissue is exposed to radiation, the effective dose is the sum of the 
weight equivalent doses in all the tissues. 
i.e. E = SHTWT 
Potential Alpha Energy (PAE) 
The PAE is the total alpha energy emitted by an atom as it decays through its entire 
radioactive series. 
Potential Alpha Energy Concentration(PAEC) 
The potential alpha energy concentration (PAEC) is defined as the sum of all the 
potential alpha energy in unit volume of air. The S.I unit of PAEC is J m-3. The 
widely used unit of PAEC is working level (WL). 
Radiation Weighting Factor 
The biological effect of radiation produced in the body not only depends on the 
quantity of absorbed dose but also on type and energy of radiation. This is taken into 
account by weighting the radiation absorbed dose by a factor called radiation 
weighting factor (Wr). Earlier it was known as quality factor. 
Tissue Weighting Factor 
The probability of stochastic effect in a tissue depends on its sensitivity to radiation. 
Some organs are more sensitive to radiation than others e.g. bone marrow is much 
more sensitive than skin. This is taken into account by weighting the equivalent dose 
by a factor called the tissue weighting factor (WT). 
Equilibirium Factor 
Equilibirium factor F, is defined as the ratio of the total potential alpha energy for a 
given daughter concentration to the total potential alpha energy of the daughters if 
they are in equilibirium with the given amount of radon concentration (CRn). 
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F = lOOxPAECrWU 
CRn (pCi/1) 
orF = 3700xPAEC fWL) 
CRn(Bqm"^) 
Equilibirium Equivalent Concentration (EEC) 
The Equilibirium equivalent concentration (EEC) is defined as the activity 
concentration of the parent gas in radioactive equilibirium with the concentration of 
its short-lived progeny that has the same PAEC as the non- equilibirium mixture. 
Working Level (WL) 
A unit of radon decay product exposure rate WL is the combination of radon progeny 
such that total potential alpha energy released on ultimate decay to '^°Pb is 1.28x10^ 
MeVL'' (rounded to 1.3x10 )^. for conversion purposes, 1WL= 1.3x10^ MeVL"' 
=2.08x10"^ Jm'^ 
1 WL corresponds to an activity concentration of 3700 Bq m'^  of ^^ ^Rn. Although WL 
was originally defined only for progeny of ^^ ^Rn, it can also be calculated for ^^ "Rn 
and '^^ Rn by letting IWL equal to 1.3x10^  Me VL"' of air regard less of source 1 WL 
corresponds to 275 Bq m'^  for ^^ °Rn and 5960 Bq m'^  for '^^ Rn. 
Working Level Month (WLM) 
A unit of exposure corresponding to a concentration of radon decay products of 1 WL 
for 170 working hours (1 work month). It is a measure of exposure rather than dose. 
Working Level Ratio (WLR) 
A ratio that compares the concentration of decay products to the concentration of 
radon. 
WLR = (WLvaluelxlOO 
Radon concentration 
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Radium Equivalent (Raeq) 
The radium equivalent concept allows a single index or number to describe the 
gamma output from different mixture of uranium (radium), thorium and '*°K in a 
material. The radium equivalent in Bq/kg can be calculated as: 
Raeq = Au + 1.43 Ajh + 0.07 AR 
1.14 Harmful Effects of Radon 
> Radon is the second leading cause of lung cancer and a serious public health 
concern. 
> The primary adverse health effect associated with chronic exposure to radon 
is lung cancer (typically bronchogenic). 
4- Squamous Cell Carcinoma 
4- Small Cell Carcinoma 
4- Adenocarcinoma 
4i. Large Cell Carcinoma 
> Other harmful respiratory effects associated with chronic exposure to radon 
include. 
"4- Emphysema 
"t Pulmonary fibrosis 
4- Chronic interstitial pneumonia 
4- Silicosis 
4 Respiratory lesions 
> Radon also has the potential to generate genotoxic effects higher incidence of 
chromosomal aberrations 
> Radon has been linked with teratogenic effects. 
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> Radon and smoking display a synergistic (submultiplicative) effect, liowever, 
the mechanism remains unclear. 
> Increased levels of exposure to radon increase the probability of observing an 
effect, however, increased levels of exposure do not necessarily influence the 
type or severity of the effect. 
> There is no zero-risk threshold for radon exposure, but instead, risk increases 
proportionate to the exposure time. 
> Radon exposure causes no acute or subacute health effects, no irritating 
effects, and has no warning signs at levels normally encountered in the 
environment. 
> Epidemologic studies and a recent study of ground water radon and cancer 
mortality have found no association with extrapulmonary cancers, such as 
leukemias and gastrointestinal cancers. 
> Experimental investigations using animals, miners, and molecular and cellular 
studies provide supporting evidence and some understanding of the 
mechanism by which radon (i.e. alpha radiation) causes lung cancer. These 
types of studies are not direct investigations concerning the effects of radon 
and may have confounding variables that need attention. 
1.15 WHO (Doing About Radon) 
Recent studies of people exposed to radon have confirmed that radon in homes is a 
serious health hazard that can be easily mitigated. As a result WHO has established 
the international radon project in which over 20 countries have formed a network of 
partners to identify and promote programmes that reduce the health impact of radon. 
The first meeting of the project was held in Geneva. In January 2005 to develop a 
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strategy for dealing with this important health issue. The key objectives of the project 
are to: 
> Identify effective strategies for reducing the health impact of radon. 
> Promote sound policy options, prevention and mitigation programmes to 
national authorities. 
> Raise public and political awareness about the consequences of exposure to 
radon. 
> Raise the awareness of financial institutions supplying home mortgages to the 
potential impact of elevated radon levels on property values. 
> Monitor and periodically review mitigation measures to ensure their 
effectiveness. 
> Estimate the global health impact of exposure to residential radon and so allow 
resources to be allocated effectively to mitigate the health impact of radon. 
> Create a global database (including maps) of residential radon exposure. 
The international radon project will be issuing detailed recommendations on radon 
risk reduction that will target: 
> The installation of mitigation devices at th?.t time of construction versus 
retrofitting. 
> The incorporation of radon prevention and control measures and national 
building codes. 
> Radon testing, mitigation and inspection of existing passive/active systems at 
the time of sale for existing homes. 
> Control measures designed for medium and low radon exposure levels which 
contribute most to the overall radon lung cancer burden. 
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> The role of tobacco smoking in radon risk reduction programmes witii a view 
to the overall goal of healthy indoor air. 
> The use of both voluntary guidelines and enforceable regulations and 
> Financial support mechanism to assist radon mitigation actions in cases where 
such support is necessary to allow implementation of effective protection from 
radon health hazards. 
The international radon project will provide sound science based information on 
radon control measures and investigate the cost- effectiveness of alternative 
approaches. The project will also provide a worldwide estimate of the number of lung 
cancers attributable to radon exposure than can be used to highlight the global scope 
of the problem. This estimate will also allow assessment of progress made through 
future prevention and mitigation programmes. 
1.16 Aim of Present Investigation 
The aim of present investigation is to carry out the study of radon and its progeny in 
relation to their applications in radiation protection. The radon exhalation rates from 
the commonly used building construction materials have been measured to assess the 
radiation risk to the inhabitants.. 
The thesis contains the results of the study carried out to measure the indoor 
radon/thoron and their progeny levels in dwellings and radon exhalation rates from 
different materials used for building construction and assessment of effective dose 
equivalents. The analyses of radioactivity has also been carried out in the form of ^^ U^, 
Th and ^"K activity concentration measured by a low level gamma ray spectrometer 
using HPGe detector. Radium equivalent activity, absorbed gamma dose rate, annual 
effective doses, external hazard index and internal hazard index have been computed from 
the radioactivity data. 
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Chapter-II 
The Techniques, Materials and Instruments 
2.1 Introduction 
The Radon measurement techniques are based on the detection of emissions from 
radioactive decay of radon and its daughter products. Most of the methods are based 
on the detection of alpha particles, some on detection of beta emission while a few 
utilize gamma decay. So, the detection of radon can be performed by detecting a p or 
y radiations. A brief description of various techniques available and those used in the 
present work is described in this chapter. 
2.2 Radon Measurement Techniques 
Because of its unique physical and nuclear properties, radon can easily be 
measured by numerous techniques. The techniques of radon measurement may be 
divided into two categories: 
1. Instantaneous radon measurement techniques 
2. Time integrated radon measurement techniques 
2.2.1. Instantaneous Radon Measurement Techniques 
(a) Ionization Chamber Technique 
An ionization chamber is a gas filled electrode system which is designed to 
detect the presence of an ionizing particle. When the ionizing particle passes through 
the gas filled ionization chamber, the ionizing particle creates a track of pairs of 
electron and positive ions. Under the influence of electric field, the electron and 
positive ions are attracted in opposite directions. The chamber operates at a potential 
of 100 to 300 volts, so that recombination and multiplication of electron and ion pair 
is negligible. Ionization chamber technique needs a fairly high radon concentration 
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(more than 1000 pCi/1) in order to be effective (Pacer and Czamecki, 1980). 
(b) Radon Emanometry 
Emanometer was the earliest device to measure radon and is still widely used 
for exploration (Alekseevs et al., 1959; Cheng and Porritt, 1981; Pacer and Czamecki, 
1980; McCorkell and Card, 1978; Virk, 1990). In this technique, the soil gas is 
pumped into a scintillation chamber which detects alpha particles emitted by the gas. 
ZnS (Ag) is used as the scintillation material. The alpha particles emitted from the 
decay of radon interact with the scintillator and create an energy pulse in the form of 
light quanta. These photons are registered and amplified by photomultiplier tube until 
it can be detected as a single pulse. Since a gross or total alpha measurement is made, 
the growth and emission from the alpha emitting radon daughters need to be 
considered in determining the radon concentration of sample. For soil gas 
measurement, it is also necessary to account for thoron ( Rn), the radon isotope 
from the thorium decay series. 
(c) Grab Sampling Technique 
In this technique, air sample of the radon is taken in a container for analysis 
(Lucas, 1957; George, 1976). For radon decay products a sample is collected on a 
filter for a sampling period of 2 to 10 minutes (Martz et a!., 1969; Rolie, 1972). The 
filter paper sample is obtained by sucking the air through a 2.5 cm dia Millipore filter 
type AA of 0.8 ^m pore size at the suction rate of 20 1pm for a period ranging from 
half an hour to one hour. Due to the short half-lives of the radon decay products, the 
analysis should be profiled strictly within one hour after sampling. The filter paper 
sample is counted using a ZnS(Ag) detector system which is coupled to a nuclear 
counting system to record the counts due to disintegrations of radon daughters 
collected on the filter paper. Grab sampling technique is suitable for large scale 
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survey, because of its simplicity, minimal labour requirement and low cost. The 
disadvantage of this technique is that it does not give accurate information of time 
averaged air concentration in dwellings. 
2.2.2 Time Integrated Radon Measurement Techniques 
Time integrated techniques involve the accumulation of radon over longer 
time periods from a few days to a week or more. In these techniques the radon is 
measured directly by detecting the alpha emission or indirectly by detecting the 
radioactive decay products of radon. A brief description of these techniques is given 
below: 
(a) Plastic Bag Technique 
The first time integrating technique developed for radon studies is the plastic 
bag technique(Sill, 1969). The sampled air collected over a period of 2 to 3 days by 
pumping air at a slow rate into a bag that is impermeable to radon gas. Analysis for 
radon concentration is performed later in a laboratory by concentrating and 
transferring the integrated sample to a scintillation flask for alpha counting. 
Concentrations as low as 0.01 pCi/1 can be measured. 
(b) Charcoal Method 
A charcoal sampler with dimensions of the order of 10 cm can be used to 
collect ^^ R^n over a period of a day to a week. The instrument developed by EML 
consists of a small container filled with activated charcoal. Gamma rays emitted from 
^'Tb and '^^ Bi, which are daughter products of Ra are measured (Cohen and 
Cohen, 1983; Cohen and Nason, 1986). This technique is not suitable for a period 
more than one week because after this period most of the ^^ R^n collected at the 
beginning will decay because of its 3.82 day half life. 
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(c) Alphameter Method 
This method employs a solid state alpha particle detector counter assembly. 
The alpha particle detector is a silicon diffused junction with an active area of 400 
mm .^ When an alpha particle enters the n-p junction, a number of electron hole pairs 
are generated, the number being proportional to the energy of alpha particle when it 
enters the junction. The alpha particles striking the detector are counted and stored 
until a read mode is initiated whereby the accumulated count and integration time can 
be recorded. This instrument does not register any alpha particle which exhibits 
energy less than 1 MeV. The alpha counts are displayed on LED (light emitting 
diode) display. The detector records the alpha particles emanated by radon isotopes 
and their alpha emitting daughters. 
(d) Thermo luminescence Detector Technique 
The process in which light is emitted by a substance when it is heated and 
which can be attributed to the previous exposure to ionizing radiation is called thermo 
luminescence. The thermo luminescence detectors are sensitive to all ionizing 
radiation, the detectors used for radon measurements are very thin wafers (76 microns 
of calcium sulphate doped with dysprosium in a matrix of Teflon), which are sensitive 
mainly to alpha radiations (McCurdy et al., 1969; Pacer and Czamecki, 1980). These 
detectors are typically exposed for 30 days in the uranium exploration programme and 
then processed for their thermo luminescence signal. 
2.3 Techniques used in Present Radon Investigations: 
2.3.1 Alpha Particle Etched Track Detector: 
It is also called a solid State nuclear track detector (SSNTD). SSNTD has been 
extensively used for radiation dosimetery. Although several active and quick methods 
are known for short term radon dosimetry, it is preferred to make long term (2-3 
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months) time integrated measurements (Alter and Pleisciier, 1981) using passive 
alpha sensitive plastic track detectors. This preference is due to the fact that the radon 
concentrations inside dwellings and also in the open atmosphere are found to vary 
with several factors viz. the ventilation rate (Abu-Jarad and Fremlin, 1983) moisture 
and temperature(Straden and Kolstad,1984), diurnal and seasonal variation(Lloyd, 
1983) etc. The short term measurement does note give a value which may be taken as 
representative for calculating the average effective yearly dose-equivalent needed for 
the assessment of the health hazards likely to be caused by constant inhalation of 
radon and its progeny. Long-term radon measurement with the help of active devices 
is very tedious and expensive proposition. The choice of the passive, relatively simple 
and less expensive plastic track detectors is evidently more advantageous. It also 
facilities data collection at several locations simultaneously. 
The nuclear track detectors play an important role, for their reliability, low 
cost, small size, almost independence of the environmental conditions and good 
sensitivity (Nikolaev and Ilic, (1991). Cellulose nitrate, commercially available as LR 
115 (DOSIRAD) is one of such track detectors with suitable characteristics to 
evaluate indoor atmospheric radon. Its range of energy sensitivity excludes the 
formation of tracks related to self-plate-out of radon daughters. On the other hand, the 
sensitive volume from where the incoming alpha particles produce a signal becomes 
depleted of the radon progeny. Adequate calibration assures a good evaluation of total 
concentration of alpha emitters in air (Bigazzi et al„ 1988; Da silva and Yoshimura, 
2003) with bare LR 115 plastics. 
Tracks formed in a SSNTD have different shapes and opacities depending on 
the energy and angle of incidence of the alpha particle (El-Hawary et al., 1999; 
Hudler et al., 1999). In LR 115, for instance, high energy alpha particles produce 
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small and dark (deep) tracks, whereas the low energy alpha particles give rise to big 
and shallow ones. These characteristics can be quantified and used in a way to 
classify alpha particles in regions of energy with a software for track analysis (Da 
Silva and Yoshimura, 2005). 
When a-particles strike a SSNTD, latent tracks will be formed, which will 
become visible under the optical microscope on suitable chemical etching. LR 115 
detector has an upper energy threshold for track formation which is well below the 
energy of 
a -particles emitted by the radon progeny deposited on the detector (Yu et al., 2005). 
Out of the numerous advantages of SSNTDs some important features are listed below: 
a. Etched track detectors are extremely simple to construct as compared with 
other track detectors namely bubble, cloud and spark chambers and nuclear 
emulsions. 
b. These detectors are cheap and are available in different sizes. 
c. The tracks formed are permanent and are stable under severe environmental 
conditions like high temperature, pressure, humidity and mechanical 
vibrations. 
d. Due to small size, these detectors can be placed in direct contact with fission 
fragment sources and hence very high efficiency and sensitively can be 
achieved. 
e. Due to small size these are quite suitable for personnel dosimetery in 
environment and in congested surroundings, 
f These detectors are highly durable and pose no health effect or handling 
problems. 
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g. Their geometrical flexibility makes them suitable for angular distribution 
measurements in nuclear reactions. 
Normally two kinds of plastic track detectors (1) CR-39 plastic (Manufactured by 
Pershore Mouldings Ltd. England) LR-1I5 type II plastic (Manufactured by Kadak-
Pathe, Dosired, France) are used for the measurement of radon. 
2.3.1.1 CR-39 
CR-39 is the most versatile and most sensitive track detector discovered by 
Cartwright, Shirk and Price in 1978. CR stands for "Coumbia Resin" and chemically 
CR-39 is a homopolymer of allyl diglycol-carbonate which is a plastic with 
exceptional optical clarity. The CR-39 detector can be used in neutron, radon and 
heavy-ion dosimetery. 
It has a specific gravity of 1.32 at 25°C and has refractive index 1.504 at 20°C 
with almost same light transmission as glass-92% for 0.25" thickness (Pershore 
Moulding date sheet, PM002). CR-39 detector, when used for radon measurement, 
record tracks of all alpha particles originating from radon and its progeny. The best 
etchant for this detector foil was proved to be 20% NaOH at 70% for several hours. 
2.3.1.2 LR-115 type II 
One of the most significant detector materials for dosimetric application is the Kadak-
Pathe LR-115 type-II film. This is a two-layered detector which consists of a 12-
13fam red-coloured cellulose nitrate layer and an about 100(xm thick polyester 
support. The recommended track etchant is usually 6N NaoH at 60°C. If the track is 
etched completely through the sensitive CN layer, the track appears as a bright hole. 
This makes track counting easier, and provides a low background in the case of 
appropriate etching. The value of background track density varies with the thickness 
of the etched off detector layer, shown in Fig. 2.1 
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Fig. 2.1 Background track density in Kadak-Pathe LR-115 films produced i 
1979 and 1980 as a function of tlie removed layer thickness. 
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55 
The density of detector is 1.44 gm/cm''the upper cut off energy for track formation in 
this detector is 4 MeV. The bulk etch rate for the detector is found to be 4 txm/hour. 
LR-115 films consists of a thin layer of cellulose nitrate deep red coated on a 
100)im thick polyester base. LR-115 type I films have only 6p.m cellulose nitrate 
coating while LR-115 type II films have 12fim cellulose nitrate coating which is 
sensitive to record alpha particles. 
Kodak LR-115, type II films are of two types, pelliculable and non 
pelliculable. For pelliculable films, spark counter can be used to count the tracks, 
which is less time consuming. For non-pelliculable films the counting of tracks will 
have to be carried out using microscope. For large- scale field work the counting of 
tracks is very tedious. 
One type of the Kodak-path track detector family is produced in "strippable" 
form. The sensitive film can be removed by aqueous washing from the support sheet. 
Thus the etched through tracks (holes) can also be evaluated with jumping spark 
counter. Another type of Kodak Pathe detector is coated with a lithium-tetraborate 
layer which serves as an alpha radiation for neutrons. LR-115 is one of the most 
widely used track detector for radon concentration measurements. The detector 
contains (Fig. 2.2) two LRl 15 stripping films. 
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Fig. 2.2 LR-115 detector cross section. 
2.3.1.3 Peculiarity of LR-115 typell and CR-39 
CR-39, being most sensitive to alpha particles of all energies from almost zero to 60 
MeV is used for ^^ R^n measurements during past two decades due to its high 
sensitivity to alpha particles of all energies. But, recently it has been observed that its 
sensitivity over wide spectrum range causes problems. In spite of patenting thin 
plastic film, it accumulates large number of tracks during storage. These back ground 
tracks reduce signal to noise ratio especially in stored stock of films. On the other 
hand, LR-115 is free from these problems. It essentially consists of a 12-13|am thick 
alpha sensitive layer of red dyed cellulose nitrate plastic deposited on a lOO^m thick 
polyester base is sensitive for track registration in the 1-9-4.2 MeV energy range 
(Somogyi, 1986; Nikezic et al., 1993) for revealing tracks of alpha particles through 
etched holes. This film is free from the self plate-out effect as it does not record tracks 
due to self plating short-lived ^^ R^n daughters which emit alpha particles of 6.00 MeV 
from Po-218 and 7.69 Mev from Po-214 
(Nikezic et al., 1992). Etching time needed to develop tracks in this film is also quite 
small. LR-115 can provide better results than CR-39 in dust atmosphere where plate 
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out effect will cause a lot of uncertainty in radon and its daughters level 
measurements (Abu-Jarad et. al., 1980). 
Due to these aspects we have used LR-115 type II plastic track detectors 
compared to CR-39 for the measurement of radon and its daughters. 
2.3.1.4 Importance of Radon Detectors 
Nowadays, Solid state nuclear track Detectors (SSNTDs) are preferred over other 
prevalent nuclear detectors as they have in themselves the properties of track 
recording detectors like the cloud chambers, nuclear emulsions etc. together with the 
compactness and single particle counting ability of Semiconductor detectors without 
requiring any special dark room processing or costly electronic equipments. Due to 
their many useful features, these detectors have been used extensively for the last 
three decades in almost all branches of nuclear science and technology, radiation 
dosimetry, health physics and geo-sciences (Fleischer et. al., 1975). Today SSNTDs 
are being used in more than fifty laboratories of the world including Australia, 
Bangladesh, Brazil, China Czechoslovakia, England, France, Hungary, India, Iraq, 
Iran, Italy, Japan, Mexico, Pakistan, Spain, Sweden, the U.S.A., Russia, Germany and 
Yugoslavia. 
SSNTDs have wide applications in the study of low cross-section nuclear 
reactions, nuclear fission reactions, identification of cosmic ray particles of solar and 
galactic origin, neutron flux measurements, study of radiation history of meteorites 
and lunar samples, age determination of geological and archaeological samples, micro 
distribution studies and microanalysis of some elements like U, Th, PU, Li, B, Be, 
etc., neutron and charged particle radiography and radon and thoron dosimetry, study 
of spreading of sea-beds, as micropore, filters for filtration of cancer blood cells, virus 
and bacteria in beer industry, for measuring flight altitude of birds and for heavy ion 
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lithography etc. In fact these detectors have been found to have potential application 
in almost every branch of science and technology. In addition to the books written by 
Fleischer et al. (1975) and Durrani and Ball (1987) which are excellent treatise on this 
subject and have elaborate list of latest references covering all topics, many review 
articles have appeared on special refinements of the SSNTD technique and its 
applications. 
2.3.2 Radioactivity Measurements Through Gamma Spectroscopy 
Gamma spectrometry is a very powerful non destructive technique for the detection 
and measurement of gamma emitting radionuclides in different types of samples. In 
this technique, the gamma spectrum of the desired sample is obtained using a NaI(Tl) 
or HPGe detector coupled to a multichannel pulse height analyzer. The gamma 
spectrum thus obtained is often complex and the various components are separated by 
different analytical techniques. Thus the technique provides a non destructive multi -
component analysis which is extensively used for environmental samples. 
In order to measure the natural radioactivity samples are crushed into fine 
powder by using mortar and pestle. Fine quality of the sample is obtained using 
scientific sieve of 150 micron-mesh size. Before measurement samples are dried in an 
oven at a temperature of 383 K for 24h. each sample is packed and sealed in a airtight 
PVC container and kept for about 4 week's period to allow radioactive equilibrium 
among the daughter products of radon. We used high resolution gamma spectrometry 
system with HPGe detector for themeasurement of activity of samples. The detector is 
a CO- axial n- type high purity germanium detector (Make EG&G, OR TEC, Oak 
Ridge, U.S.). The spectral data was analyzed using the software "CANDLE" 
(Collection and Analysis of Nuclear data using Linux network) developed locally at 
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Inter University Accelerator Centre, New Delhi. Fig 2.3 shows the output of the 
"CANDLE" software describing peaks of different energies. 
CjH<t:il£ai:A|fl5»>X:&(3JlfCMIW4 
Fig.23 Output of the "CANDLE" software describing peaks of different energies 
2.3.3 Twin Chamber Dosimeter Cup 
Concentration of radon, thoron and their progeny levels in the dwellings under 
investigation were measured using the twin chamber solid state nuclear track detector 
(SSNTD) based dosimeters using 12um thick LR-115 type II pelliculable celluse 
nitrate based SSNTD manufacture by Kodak Pathe, France, days. 
The dosimeter has been developed at Bhabha Atomic Research Centre 
(BARC). Each cylindrical chamber has a length of 4.1 am and a radius of 3.1 cm. one 
piece of the detector film (SSNTD) of size 3cm x 3cm. placed in first compartment 
measures radon only which diffuses into it from the ambient air through a 
semipermeable membrane. It allows the build up of about 90% of radon gas in the 
compartment and suppresses thoron gas concentration by more than 99%. The mean 
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time for radon to reach the steady- state concentration inside the cup is about 4.5 hour. 
Glass fiber filter paper in the compartment second allows both radon and thoron gases 
to diffuse in and hence the tracks on second piece of the detector film placed in this 
chamber are related to the concentrations of both the gases. Third piece of the detector 
film exposed in bare made (placed on the outer surface of the dosimeter) registers 
alpha tracks attributed to both the gases and their alpha emitting progeny, namely 
2i8pQ 2i4pQ 2i6pQ^  ^ j^ j 2i2pQ LR.] 15 detectors do not develop tracks originating from 
the progeny alphas, deposited on them (Eappen et al., 1998; Nikolaev and lUic, 1999; 
Durrani, 1997) and, therefore, are ideally suited for radioactive gas concentration 
study. Etched detectors are pre-sparked using spark counter. The tracks are then 
counted at the voltage corresponding to the plateau region of the counter. The 
concentrations are derived from the observed track densities using appropriate 
calibration factors. The calibration factors depend upon various parameters such as 
membrane and filter characteristics as well as the energy of the alpha particles for the 
cup mode exposure, the parameters of the etching process and spark counting 
characteristics. 
2.3.4 Spark Counter 
The spark counter unit used in this study is the one designed by radiation safety 
system division (RSSD), BARC, Mumbai. The block diagram of the set up is shown 
in fig2.4. The set up consists of a spark head, adjustable HV circuit, display for counts 
and EHT and pulse shaping circuits. As shown in photograph, the spark head is in the 
form of a circular electrode of area Icm^ and the other electrode is in the form of a 
spring loaded contact. Before the actual counting of the detector films on the sparks 
counter, its plateau characteristics were studied. The variation of track density with 
voltage for sample film was plotted. The plateau characteristics are shown in fig 2.5. 
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Fig.2.4. Block diagram of spark counter set-up. 
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Fig.2.S. Plateau characteristics of spark counter 
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The voltage at the centre of the plateau region, i.e. 480v, was selected as the operating 
voltage. Then, for counting the tracks, the following procedure is followed. The 
detector film is placed on the spark head (round electrode). The mylar film cut in size 
of about 3cm x 3cm is placed on the film such that its aluminized side faces the film 
and covers the circular electrode and also touches the other electrode. Then a circular 
weight is placed on the electrode base so as to press the spring loaded contact then a 
high voltage of about 900v is applied across the electrodes and the counting is started 
by pressing the start switch, provided on the front panel of the instrument this process 
is called pre-sparking and is necessary for clearing and partially developed holes 
during the etching. When the counting stops, as indicated by LED on the front panel, 
the mylar film is removed and the fresh mylar is placed on the film without disturbing 
the film. Now the voltage across the electrodes is set to operating voltage i.e. 480v 
and again the counting is started. At the end of counting, the counts obtained are 
noted down and the process is repeated twice again with fresh mylar every time and 
the average of three reading is taken. Usually the central area of the film is sued for 
counting. 
When the spark dashes, a small amount of energy is dissipated. It fuses the 
walls of the track (fig 2.6) and heats the small zone of the mylar films involved by the 
spark, causing the local sublimation of aluminum (fig.2.7). This effect is important to 
avoid the multiple counting of the same track, but might cause the electrical isolation 
of an adjoining track. 
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Fig.2.6 Track holes on LR-115 film. The image on the left hand side shows a 
track after a spark. Its walls are fused and smooth. The image on the right-hand 
side shows a track before a spark. 
Fig.2.7 Sublimated aluminums spots on a mylar film. 
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The sublimated area varies according to the spark energy and its diameter is 
proportional to the intensity of the electronic filed and to the capacity of both the 
electronics of the spark counter and the film. The latter can be calculated in ~ InFcm'^  
for a 6.5fjjn residual thickness film. 
Two tracks, with a mutual distance lower than one spot diameter, could be 
resolved as a single one this effect is called 'saturation'. 
2.3.5 Etching Apparatus 
The apparatus used for etching was constant temperature shaker water bath 
manufactured by Tempoo Company. For etching 2.5 N NaoH solution is prepared 
using freshly prepared distilled water and placed in water bath in beakers the water 
bath is provided with a digital temperature controller. Once the desired temperature 
i.e. 60°C is achieved, the samples are introduced in the solutions with care so that all 
the films are dipped properly. The samples are marked properly so that they are not 
mixed during etching. Intermitting stirring is used during etching. During the etching 
time the beaker with solution are kept covered so as the avoid the change in 
concentration of solution due to evaporation. After etching for present time (80 
minutes in this case, the samples are taken out and washed first with distilled water 
and then in running water for 20-30 minutes. Then after washing, the films are peeled 
off from the base and stored for counting in paper envelopes after drying. 
2.3.6 Optical Microscope 
The tracks formed by chemical etching are usually scanned under an optical 
microscope at ordinary magnification. In the case of ncrmal or near normal incidence 
the microscope can be focussed on the surface of the detector where the intersection 
of the track with the surface is seen as dark circular spot. By changing the focus one 
can also look into the depth of the track, in the case of oblique incidence the track can 
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be seen by changing the focus with the help of microscope to find the traclc density or 
total number of track, area of etched detector surface is scanned using an eye piece 
equipped with a grid marked graticule. The field of view is calibrated with the help of 
a stage micrometer glass slide to find out the scanned area. A handtally counter 
facilities counting the number of tracks in each grid of the eye piece graticule. Track 
parameters can be measured with the help of a micrometer eye piece. Practical limit 
of visual scanning lie between 10 -^10 .^ tracks cm'^  using optical microscope. 
2.3.7 Bare Mode Technique 
For the measurement of radon concentration for dwelling, bare mode technique has 
been used. In this mode the piece of the detector film of size 2 cm x 2cm fixed on a 
thick flat card were exposed by hanging the cards on the wall in the dwellings for a 
period of 90 days such that the detector viewed a hemisphere of radius at least 6.9cm, 
the rage of 214 Po a-particles in the air. No surface should be closer than this range as 
the decay products deposited on it would act as an additional alpha particles source 
including a larger error in our measurements. The track density registered in the 
detector will, therefore, be a function of radon progeny concentration in air (Kumar, et 
al., 2004). 
2.3.8 Can Technique 
For the measurement of radon exhalation rates from coal, fly ash, soil, cement, and 
other building construction materials the "can technique" has been used (Abu-Jarad, 
1988.,Khan et al., 1992; Kant et al., 2001; Ramola and Choubey, 2003; Mahur et ai., 
2008). 
2.3.8.1 Can Technique I 
In this technique samples were dried and sieved through a 100-mesh sieve. In such 
measurements equal amount of each sample (lOOg) was placed in the cans (diameter 
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7.0cm and height 7.5 cm) similar to those used in the calibration experiment (Singh et 
al., 1997). In each can, an LR-115 type II plastic track detector (2cm x 2 cm) was 
fixed at the top inside of the can. Thus the sensitive lower surface of the detector is 
freely exposed to the emergent radon so that it is capable of recording the alpha 
particles resulting from the decay of radon in the can. Radon and its daughters reach 
an equilibirium concentration after a week or move and thus the equilibrium activity 
of the emergent radon could be obtained from the geometry of the can and the time of 
exposure (A.K. Mahur et al., 2008). 
After the exposure for 100 days, the detectors from all the cans were retrieved. 
The detectors were etched in 2.5 N NaoH at 60±rc for a period of 90 minutes in a 
constant temperature water bath to reveal the tracks. Resulting alpha tracks on the 
exposed face of the detector foils were scanned under an optical microscope at a 
magnification of 400x. 
2.3.8.2 Can Technique II 
A plasticin can of known dimension (7.5 cm height and 7.0 cm diameter) was sealed 
by plastic in to the individual building material. In each can a LR-115 type II plastic 
detector (2 cm x 2cm) was fixed at the top inside the can .such that the sensitive 
surface of the detector faces the material and is freely exposed to the emergent radon 
so that it can record the alpha particles resulting from the decay of radon in the whole 
volume of the can and also from '^*Po and '^"Po deposited on the inner wall of the 
can. In such measurements it is expected that the exhalation rate depends upon the 
material and the geometry and dimension of the can (A.K Mahur; 2006) . Radon and 
its daughters will reach an equilibrium concentration after one week or more. Hence 
the equilibirium activity of the emergent radon can be obtained from the geometry of 
the can and the time of exposure. After the exposure for 90 days, the detectors from 
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all the cans were retrieved for the revelation of tracks the detectors were etched in 2.5 
N NaoH at 60°C for a period of 90 minutes in a constant temperature water bath. 
Resulting alpha tracks on the exposed face of the detector foils were scanned under an 
optical microscope at a magnification of 400x. 
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Chapter-Ill 
Measurement of Radon Exhalation rate and Estimation of 
Radiation Doses in solid samples 
3.1 Introduction 
Radon gas is produced by decay of ^^ *Ra which is a member of the uranium series. 
Uranium and consequently, radium are present in soil, waste materials and building 
materials etc. in different concentration. However, radon concentration may be much 
higher in indoor air than outdoor, depending on the rate of radon entry and air 
exchange in the dwellings. 
It is well known that there is a correlation between indoor radon exposure and 
lung cancer. The risk coefficient for lung cancer due to inhalation of radon and its 
progeny varies according to the age group subject to radon exposure. Hence, many 
scientists and researchers have put lot of efforts to measure the concentration of 
radon and its progeny (Nikolaev and Hie, 1999; Srivastava et al, 2001; Durrani and 
Ilic, 1997). As a result of these efforts, several places were spotted and identified as 
radon polluted areas (Lowder, 1990). 
Construction materials are one of the major sources of indoor radon 
concentration in dwellings. Radon exhalation rate from the surface will enable the 
estimation of indoor radon input from the construction materials to the indoor radon 
air. Radon exhalation from construction materials has been the subject of many 
studies (Abu-Jarad et al, 1980; Mustonen, 1984; Savidou et al, 1996; Durrani and Ilic, 
1997; Al-Jarallah et al; 2001; Mahur et al; 2008 ). 
The amount of radioactivity in soil depends upon the type of soil and its uses. 
A large number of trace elements are present in soils (Baytas et al, 2002) . Soil is a 
complex substance because of its extreme variability in physical and chemical 
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composition. It contains small but significant quantities of organic and inorganic 
compounds. 
There has been an increasing demand for electricity generation throughout 
the world with the ever increasing growth in human civilization. With the increasing 
demand for electricity, coal plays an important role in electric power generation world 
wide. Coal is burnt in furnaces operating at temperatures of up to about 200K. In the 
combustion process most of the mineral matter in the coal is fused in to the vitrified 
ash which is a major environmental problem. 
This problem is particularly important for Indian power stations because most 
of them use poor quality coal with 55-60% ash content. This results in an average 
production of 100 million tons of ash per annum. In the combustion process, most of 
the mineral matter in coal is converted into ash. A portion of the heavier ash together 
with incompletely burnt organic matter drops to the bottom of the furnace as ash or 
slag. The natural radiocuclides included in the non-combustible mineral matter of coal 
are portioned among the bottom ash and fly ash, except for the gases and volatile 
minerals which are incorporated directly into the flue gases. In large power stations, 
there is about 20% bottom ash and, therefore, 80% fly ash. The natural radionuclides 
concentrations in ash and slag from coal-fired power plants are significantly higher 
than the corresponding concentration in the earth's crust. Radiation risk from fly 
ash is of importance since if used in construction materials it may raise the 
concentration of airborne indoor radioactivity to unacceptable levels, especially in 
places having low ventilation rates (Rawat et al, 1991; Khan et al, 1992). 
Radon exhalation is of prime importance for the estimation of radiation risk from 
various solid waste materials. Measurement of radon exhalation from building 
materials using active devices is difficult owing to low levels of emanation from the 
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materials and long-term measurements are necessary. Track etch d t^eciOTSctiave'.been. 
used successfully for passive and time integrated measurements (tl^an ^nd Piesch, 
1981). 
3.2 Measurement of radon exhalation rate and estimation of 
radiation doses in solid samples i.e. Flyash , Coal, Slag, Soil, 
Cement, Sand, Bazari and Badarpur. 
In the present investigations radon exhalation rates from flyash, coal, slag, soil, 
cement, sand, bazari and badarpur samples collected from different places of India 
were carried out through sealed can technique I using LR-115 type II as detectors. 
3.2.1 Experimental details 
(a) Preparation of samples 
In order to measure the radon exhalation rates from solid samples such as flyash, 
coal, slag, soil, cement, sand, bazari and badarpur, the samples were collected from 
different building sites. After collection, the samples were crushed into fine powder, 
dried and sieved through a 100 mesh sieve. 
(b) Experimental Technique(Can Technique I) 
Equal amount of each sample (lOOg) was placed in the cans (diameter 7.0 cm and 
height 7.5 cm) similar to those used in the calibration experiment (singh et al, 1997). 
In each can a LR-115 type II plastic track detector (2cm x 2cm) was fixed at the top 
inside of the can and the can was sealed (Fig 3.1). Thus the sensitive lower surface of 
the detector is freely exposed to the emergent radon so that it is capable of recording 
the alpha particles resulting from the decay of radon in the can. Radon and its 
daughters reach an equilibrium concentration after a week or more and thus the 
equilibrium activity of emergent radon could be obtained from the geometry of the 
can and the time of exposure. 
y 
> 
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Figure- 3.1.^  Experimental set up for the measurement of radon 
exhalation rate using "Sealed Can Technique" 
After the exposure for 100 days, the detectors from the cans were retrieved. The 
detectors were etched in 2.5 N NaOH at 60 ± 1°C for a period of 90 min in a constant 
temperature water bath to reveal the tracks. Resulting alpha tracks on the exposed face 
of the detector foils were scanned under an optical microscope at a magnification of 
400X. From the track density, the radon activity was obtained using the calibration 
factor of 0.056 Tr cm"^  d"' obtained from an earlier calibration experiment (Singh et 
al, 1997), which was performed at Environmental Assessment Division of Bhabha 
Atomic Research Centre, Mumbai, India. Experimental set up used is well known for 
its performance and accuracy (Subba Ramu et al, 1990; Jojo et al, 1994). Calibration 
was done under the simulated conditions like those present in the experiment. The 
details are given else where (Jojo et al, 1994; Singh et al, 1997). Following expression 
gives the exhalation rate (Khan et al, 19921; Fleischer and Margo Campero, 1978; 
Kumaretal, 2003, 2005). 
Where Ex = Radon exhalation rate (Bq m'^  h' '); 
C = integrated radon exposure as measured by LR-115 type II plastic track detector 
(Bq m-^  h) 
V = volume of can (m )^ 
A,= decay constant for radon (h"') 
T = exposure time (h) and 
A = the area covered by the can (m )^ 
The errors in radon exhalation rate depend on the track density and are always <5%. 
78 
(c) Indoor internal exposure due to radon inhalation 
The risk of lung cancer from domestic exposure of '^ ^Rn and its daughters can be 
estimated directly from the indoor inhalation exposure (radon) effective dcse. The 
contribution of indoor radon concentration from the f amples can be calculated from 
the expression (Nazaroff and Nero, 1988): 
_ E^xS 
VxAy 
Where CRn, Ex, S, V, and A,v are radon concentration (Bq m'^ ), radon exhalation 
rate(Bq m"^  h"'), radon exhalation area (m^), room volume (m )^ and air exchange rate 
(h"') respectively. In these calculation, the maximum radon concentration from the 
building material was assessed by assuming the room as a cavity with SA =^ 2.0 m"' 
and air exchange rate of 0.5 h''. The annual exposure to potential alpha energy Ep 
(effective dose equivalent) is then related to the average radon concentration CRP by 
the following expression: 
Ep (WLM yr"') = 8760 x n x f x CRO /170 x 3700 
Where Can is in Bq m'; n, the fraction of time spent indoors; 8760, the number of 
hours per year; 170, the number of hours per working month and F is the equilibrium 
factor for radon. Radon progeny equilibrium factor is the most important quantity 
when dose calculations are to be made on the basis of the measurement of radon 
concentration. Equilibrium factor F quantifies the state of equilibrium between radon 
and its daughters and may have values 0< F < 1. The value of F is taken as 0.4 as 
suggested by UNSCEAR (1988). Thus the values of n = 0.8 and F= 0.4 were used to 
calculate Ep. From radon exposure, effective dose equivalents were estimated by 
using a conversion factor of 6.3 mSv WLM'' (ICRP, 1987). 
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3.2.2 Radon exhalation rate and radiation doses from fly ash, coal, 
bottom ash and slag samples collected from Panki Thermal 
Power Plant. 
In recent years fly ash has found diversified appHcations in construction activities 
such as in the formation of Bricks, as a binding material and in the production of 
cement etc. Thus, it is quite important to estimate the radiation risk to the population 
from the radon exhalation rate of fly ash. 
About 25 samples of coal, fly ash, slag and bottom ash were collected from Panki 
thermal power plant in the state of U.P.(India). In the present study, radon exhalation 
rates in these samples have been measured by sealed can technique I using LR-115 
type II detectors. 
Results and Discussion 
The measured data for radon exhalation rate is presented in Table 3.1 
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Table 3.1 
Radon activity concentration, radon exiialation rate and indoor inliaiation 
exposure(radon)-effective dose in coal, flyash, bottom ash and slag samples from Panki 
tliermal power plant in U.P., India 
Sample 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FIO 
Fll 
F12 
F13 
F14 
F15 
Average value; 
S.D. 
R.S.D% 
BFl 
BF2 
BF3 
BF4 
Average value 
S.D. 
R.S.D% 
CI 
C2 
C3 
C4 
Average value 
S.D. 
R.S.D% 
SI 
S2 
Average value 
S.D. 
R.S.D% 
Track Density 
(Track/ cm d^) 
189.3 
200.0 
198.1 
202.1 
193.6 
196.3 
178.7 
196.8 
184.0 
174.4 
192.0 
196.8 
206.4 
177.6 
190.4 
191.8 
9.43 
4.92 
252.0 
224.0 
235.2 
208.9 
230.0 
18.2 
7.9 
198.4 
187.2 
174.4 
162.1 
180.5 
15.7 
8.7 
260.8 
264.0 
262.4 
2.26 
0.86 
Radon 
Activity 
(Bq mO 
3380.00 
3571.43 
3537.14 
3608.57 
3457.14 
3505.71 
3191.43 
3514.29 
3285.71 
3114.29 
3428.57 
3514.29 
3658.71 
3171.43 
3400.00 
3422.58 
165.44 
4.83 
4500.00 
4000.00 
4200.00 
3731.43 
4107.86 
324.34 
7.89 
3542.86 
3342.86 
3114.29 
2894.29 
3223.58 
280.79 
8.71 
4657.14 
4714.29 
4685.72 
40.41 
0.86 
Exhalation Rate 
(mBq m-^  h ') 
1215.19 
1224.9 
1271.69 
1297.37 
1242.92 
1260.39 
1147.39 
1263.47 
1181.29 
1119.66 
1232.65 
1263.47 
1325.10 
1140.21 
1222.38 
1227.21 
58.72 
4.78 
1617.86 
1438.09 
1510.00 
1341.54 
1476.87 
16.61 
7.89 
1273.74 
1201.84 
1119.66 
1040.57 
1158.95 
100.95 
8.71 
1674.35 
1694.90 
1684.63 
14.53 
0.86 
Effective Dose 
equivalent 
(tiSv y ' ) 
143.29 
144.35 
149.96 
152.99 
146.57 
148.63 
135.30 
148.98 
139.29 
132.03 
145.36 
148.99 
156.26 
134.45 
144.14 
144.71 
6.93 
4.79 
190.78 
169.58 
178.06 
158.19 
174.15 
13.75 
7.89 
150.20 
141.72 
132.03 
122.70 
136.66 
11.91 
8.72 
197.44 
199.86 
198.65 
1.71 
0.86 
F 
BF 
C 
S 
F y ash, 
Bottom Ash 
Coal 
Slag 
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It is clear from the table that the radon activity for fly ash samples varies from 
3114.29 Bq m'^  to 3658.76 Bq m"^  with an average value of 3422.58 Bq m"\ 
Exhalation rate varies from 1119.66 mBq m"^  h'' to 1325.10 mBq m'^  h'' with an 
average value of 1227.21 mBq m'^  h"' while effective dose equivalent varies from 
132.03 fiSv y"' to 156.26 fiSv y"' with an average value of 144.71 fiSvy''. For bottom 
ash radon activity varies from 3731.43 Bq m'^  to 4500.00 Bq m'^  with an average 
value of 4107.86 Bq m'''; exhalation rate varies from 1341.54 mBq m"^  h^ ' to 1617.86 
mBq m"^  h"' with an average value of 1476.87 mBq m'^  h"' while effective dose 
equivalent varies from 158.19^Sv y"' to 190.78^Sv y'' with an average value of 
1174.15 fiSv y'' . For coal samples radon activity varies from 2894.24 Bq m'^  to 
3542.86 Bq m'^  with an average value of 3223.58 Bq m"'', exhalation rate from 
1040.57 mBq m'^  h"' to 1273.74 mBq m'^  h'' with an average value of 1158.95 mBq 
m'^  h'' while effective dose equivalent varies from 122.70 fiSv y"' to 150.20 jiSv y"' 
with an average value of 136.66fiSv y"'. For slag samples radon activity varies from 
4657.14 Bq m"^  to 4714.29 Bq m'^  with an average value of 4685.72 Bq m'^  , 
exhalation rate from 1674.35 mBq m"^  h'' to 1694.90 mBq m"^  h ' with an average 
value of 1684.63 mBq m'^  h"' while mean effective dose , is 198.65 ^Sv y ' . The 
maximum value was found to be for the slag samples collected from inside the 
thermal power plant. The higher value of radon exhalation rate of slag may be due to 
their grain size and uranium concentration. 
3.2.3 Radon exhalation rate and radiation doses from fly ash and coal 
samples collected from Kasimpur thermal Power Plant. 
About 17 samples of coal and fly ash were collected for the measurements of radon 
exhalation rates in coal and fly ash samples from the thermal power plant at Kasimpur 
(U.P.), India. Radon exhalation rates have been measured using sealed can technique I 
having LR-115 type II detectors. 
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Results and Discussion 
The results for the values of the radon activity and radon exhalation rates in the coal 
and fly ash samples from KTPP, Kasimpur are presented in Table 3.2 . 
Table 3.2 
Radon activity concentration, radon exhalation rate and indoor 
inhalation exposure(radon)-effective dose in coal (KP-C) and fly ash 
(KP-F) samples from Kasimpur Thermal Power Plant (U.P.), India 
Sample 
KP-C, 
KP-C2 
KP-C3 
KP-C4 
KP-C5 
KP-C6 
KP-C7 
KP-Cg 
KP-C9 
Average value 
S.D. 
R.S.D%. 
K.P.-Fi 
K.P.-F2 
K.P.-F3 
K.P.-F4 
K.P.-F5 
K.P.-Fe 
K.P.-F7 
K.P.-Fg 
Average value 
S.D. 
R.S.D%. 
Radon Activity 
(kBq m-^ ) 
3.68 
3.19 
1.99 
2.19 
3.31 
4.07 
3.62 
2.85 
3.75 
3.18 
0.67 
0.21 
3.25 
1.50 
2.90 
4.10 
3.62 
2.89 
3.52 
2.36 
3.02 
0.76 
0.03 
Radon Exhalation 
Rate(Bqm'^ h') 
1.32 
1.15 
0.71 
0.79 
1.19 
1.46 
1.30 
1.03 
1.35 
1.17 
0.24 
0.02 
1.17 
0.54 
1.04 
1.48 
1.30 
1.04 
1.27 
0.85 
1.09 
0.27 
0.03 
Indoor Inhalation 
exposure(radon 
effective dose 
raSv y ' ) 
0.149 
0.129 
0.080 
0.089 
0.134 
0.165 
0.146 
0.115 
0.152 
0.128 
0.27 
21.2 
0.131 
0.061 
0.117 
0.166 
0.146 
0.117 
0.142 
0.095 
0.121 
0.030 
0.025 
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In coal samples radon activity is found to vary from 1.99 kBq m" to 4.07 kBq m with 
an average value of 3.18 kBq m'^'whereas the radon exhalation rate varies from 0.71 
Bq m'^  h'' to 1.46 Bq m'^  h ' with an average value of 1.17 Bq m"^  h'' while in fly 
ash samples, radon activity is found to vary from 1.50 kBq m'^  to 4.10 kBq m'^  with 
an average value of 3.02 kBq m'^ , the radon exhalation rate varies from 0.54 Bq m'^ h" 
' to 1.48 Bq m'^  h'" with an average value of 1.09 Bq m"^  h''. Table 3.2 shows no 
appreciable change in radon activity and radon exhalation rate from fly ash samples 
from Kasimpur. In our previous measurements fly ash is found to have enhanced 
levels of uranium as compared to coal (Jojo et al, 1993; Kumar et al, 2005) due to 
combustion of coal. In the present study radon exhalation rate does not show any 
increase, confirming our previous conclusions (Jojo et al, 1993; Kumar et al, 2005) 
attributing it to the fine texture of the fly ash which fills the voids in the material and 
prevents the escape of radon from it. However, present results contradicts the result of 
our recent measurements(Mahur et al, 2007) in coal and fly ash samples form thermal 
power plant at Kolaghat situated in the state of West Bengal, India in which radon 
exhalation rate in fly ash (average value, 1310 mBq m"^  h'') has been found to be 
higher than coal samples. Fig 3. 2 and Fig 3.3 shows the frequency distribution chart 
of exhalation rate of different samples studied here. 
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• Count 
0.8 0.9 1.0 1.1 1.2 1.3 14 1.5 1.6 
Exhalation rate(Bq m"' h ') 
Fig 3.2 Frequency distribution of radon exhalation rates from KTPP fly ash 
samples 
Exhalation rate(Bq m ^ h ' ) 
Fig 33 Frequency distribution of radon exhalation rates from KTPP coal 
samples 
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3.2.4 Radon exhalation rate and radiation doses from fly ash samples 
collected from National Thermal Power Corporation (NTPC), 
Dadri 
About 13 samples of coal and fly ash were collected from National Thermal Power 
Corporation Plant at Dadri (U.P.), India for the measurements. In the present study, 
radon exhalation rates in fly ash samples from NTPC plant at Dadri, situated in the 
state of Uttar Pradesh, India were estimated using sealed can technique I having LR-
US type II detectors. 
Results and Discussion 
The results for the radon activity and radon exhalation rates in fly ash samples 
collected from NTPC, Dadri are presented in Table 3.3 
Table 3.3 
Track Density, radon activity and radon exhalation rate in fly ash samples from 
NTPC Plant, Dadri (U.P.) 
Samples 
NTPC-1 
NTPC-2 
NTPC-3 
NTPC-4 
NTPC-5 
NTPC-6 
NTPC-7 
NTPC-8 
NTPC-9 
NTPC-10 
NTPC-11 
NTPC-12 
NTPC-13 
Average value 
S.D. 
R.S.D%. 
Track Density 
(track/cm^d) 
221.6 
146.0 
187.3 
175.7 
159.0 
190.0 
129.4 
147.3 
170.8 
164.0 
146.1 
123.8 
100.6 
158.6 
30.5 
19.2 
Radon 
activity 
(Bq m-^ ) 
3778.06 
2607.1 
3344.3 
3137.1 
2840.0 
3392.9 
2311.4 
2630.0 
3050.0 
2928.6 
2608.6 
2211.04 
1797.1 
2745.3 
564.3 
20.5 
Radon 
Exhalation Rate 
(mBq m-^  h') 
1358.5 
937.3 
1202.3 
1127.9 
1021.0 
1219.8 
831.0 
945.6 
1096.6 
1052.9 
937.8 
795.1 
646.1 
987.0 
202.09 
20.5 
Effective 
dose 
equivalent 
(nSv y-') 
160.2 
110.5 
141.7 
133.0 
120.4 
143.8 
97.9 
111.5 
129.3 
124.2 
110.5 
93.7 
76.2 
119.5 
21.9 
18.3 
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Radon activity is found to vary from 2211.4 Bq m"^  to 3778.6 Bq m'^  with an average 
value of 2745 Bq m , whereas the radon exhalation rate varies from 646.1 mBq m" 
h"' to 1358.5 mBq m'^  h'' with an average value of 987.0 mBq m"^  h"' The effective 
dose equivalent varies from 76.2 |a.Sv y" to 160.2 i^ Sv y' with an average value of 
119.5 fiSvy"'. Fig 3.4 presents the frequency distribution chart of exhalation rate of 
different samples studied. 
Count 
0.6 0.8 1.0 1.2 1.4 
Exhalation rate(Bq m'^  h"') 
Fig 3.4 Frequency distribution of radon exhalation rates from NTPC, Dadri fly 
ash samples 
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3.2.5 Radon exhalation rate and radiation dose from soil samples collected from 
different places surrounding the Kasimpur Thermal Power Plant. 
The soil or bedrock beneath a building is one of the major sources of radon gas in the 
indoor air. The emanation of radon gas from different types of materials can be 
estimated to some extent if the content of ^^ *U of a samples is known and the ^ ^^ Ra 
content is only minorly affected. The true emanation is, however, affected by various 
parameters, one of these parameters is the possibility for the gas to come out from the 
grains into the air through the space between the gr lins of the samples. Soils have 
different grain size. The soil and the bedrock beneath a building, the building 
material or the tap water are three main sources of the radon gas which may be 
present in the indoor air. If the soil has an enhanced content of '^'^ U, the soil may be a 
potential source of the radon gas present in the soil air. This source is of importance 
as there are certain parameters connected to the soil, affecting the true level of the 
radon concentration in the soil air. There are also additional parameters of importance 
for the transport of the gas in the soil and upwards into a building (Tell et al, 1994; 
Fant, 1997). One parameter of importance is the ability of the gas to leave, when 
produced in the grains of the soil. The fraction of radon atoms, generated in the soil 
grains and reaching the pore volume of the soil is known as emanation coefficient. 
This coefficient depends basically on the soil grain size-distribution, on the porosity 
and on the water content of the soil. The geometry and the size of the soil grains and 
the pores determine the "Static" emanation coefficient in the sense that they do not 
change in time. In this sense the type of soil determines the general radon level in the 
soil (Jonsson, 1991). The water content has a large impact on the emanation 
coefficient and on the soil transport parameters for radon gas and, therefore, affects 
the radon concentration in the soil (Stranden et al, 1984). There are several reports on 
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measurements, where the emanation of radon from different kind of materials are 
studied. These reports focus on materials like soil and bedrock (Tanner, 1980; 
Wilkening, 1990; Abumurad et al, 1997). 
Fly ash from a thermal power plant is spread and distributed in the 
surrounding areas by air and may be deposited on the soil of the nearby region. Thus 
the radioactivity levels of the soil samples may alter and it is quite important to 
estimate the changes. About 15 samples of soil were collected from different places of 
the colony and other buildings from the surroundings of Kasimpur Thermal Power 
Plant for the measurements. 
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Results and Discussion 
The results for the radon activity and radon exhalation rate in soil samples are 
presented in Table 3.4 
Table 3.4 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-effective dose from soil samples(different places) around 
Kasimpur thermal power plant, India 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Places 
H-12, Old colony 
H-16, Old Colony 
R-R 37 Old Colony 
Park Old Colony 
H-10, Old colony 
Hospital, new Colony 
Park, New Colony 
H-17, Old Colony 
Mandir Market, Old 
Colony 
H-11, Old Colony 
J.E. Club, New 
Colony 
Operating Club, New 
Colony 
Guest House, Old 
Colony 
Compound No. 1 Old 
Colony 
Ingraham School, 
New Colony 
Min. 
Max 
Average value 
S.D. 
R.S.D% 
Track Density 
(tracks/cm^ 
d) 
244.96 
220.16 
173.12 
224.96 
252.48 
234.56 
199.04 
207.68 
189.28 
207.20 
217.12 
212.48 
192.48 
261.12 
279.84 
173.12 
279.84 
221.09 
29.14 
13.18 
Radon 
Activity 
(Bqm-^ ) 
4374.29 
3931.43 
3091.43 
<017.14 
4508.57 
4188.57 
3554.29 
3708.57 
3380 
3700 
3877.14 
3794.29 
3437.14 
4662.86 
4997.14 
3091.43 
4997.14 
3948.19 
520.33 
13.18 
Exhalation 
rate (mBq 
m"^  h') 
1572.66 
1413.44 
1111.44 
1444.26 
1620.94 
1505.89 
1277.85 
1333.32 
1215.19 
1330.24 
1393.93 
1364.14 
1235.73 
1676.41 
1796.59 
1111.44 
1796.59 
1419.47 
187.07 
13.18 
Effective 
dose 
equivalent 
(^Svy-') 
185.45 
166.67 
131.06 
170.31 
191.14 
177.58 
150.69 
157.23 
143.29 
156.86 
164.37 
160.86 
145.72 
197.68 
211.86 
131.06 
211.86 
167.38 
22.06 
13.18 
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It is clear from the table that the radon activity varies from 3091.43 Bq rn'Mo 4997.14 
Bq m''' with an average value of 3948.19 Bq m"''. Exhalation rate varies from 1111.44 
mBq m'^  h'' to 1796.59 mBq m"^  h'' with an average value of 1419.47 mBq m"^  h ' 
while effective dose equivalent varies from 131.06 |iSv y"' to 211.86 fxSv y ' with 
an average value of 167.38 \iS\ y'' . The lowest value was found for the soil samples 
collected from R.R. 37 while the maximum value was found to be for the soil sample 
collected from Ingraham School, New Colony. The higher values of radon exhalation 
rates may be due to presence of fly ash in the soil from Kasimpur Thermal Power 
Plant in the soil. Fig 3.5 presents the frequency distribution chart of exhalation rate of 
different samples studied. 
I Count 
u. 
1 0 1.2 1.4 16 18 2 0 2 2 
Exhalation rate(Bq m"^  h"') 
Fig 3.5 Frequency distribution of radon exhalation rates from soil 
sanipIes(difTerent places) surrounding the Kasimpur thermal power plant. 
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3.2.6 Radon exhalation rate and radiation doses from soil samples 
from inside and outside the Kasimpur Thermal Power Plant. 
To compare the radon exhalation rates of soil from inside and just outside the power 
plant, about 20 samples of soil were collected. 
Results and Discussion 
The data obtained from the measurements are presented in Table 3.5 
Table 3.5 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-effective dose from soil samples from inside and outside the 
Kasimpur Tthermal Power Plant 
Samples 
SI 
S2 
S3 
S4 
Ss 
S6 
S; 
Sg 
S9 
Sio 
"Sn 
Sl2 
Sl3 
Sl4 
Sl5 
Sl6 
Sl7 
Sl8 
Sl9 
S20 
Average 
Value 
S.D. 
R.S.D%. 
Track Density 
(track/cm^ d) 
I 
285.92 
0 
225.44 
200.96 
200.48 
176.00 
195.36 
272.8 
231.52 
172.96 
251.04 
260.00 
199.36 
206.08 
277.06 
252.8 
258.72 
258.72 
242.72 
256.00 
248.00 
230.84 
32.77 
14.19 
Radon Activity 
(Bq m"^ ) 
nside Power Plant 
5105.71 
utside Power Plant 
4025.71 
3588.57 
3580.00 
3142.86 
3488.57 
4871.43 
4134.29 
3088.57 
4482.86 
4642.86 
3560.00 
3680.00 
4957.14 
4514.29 
4620.00 
4620.00 
4334.29 
4571.43 
4428.57 
4122.71 
585.87 
14.21 
Exhalation 
rate (mBq 
m-^ h') 
1835.63 
1447.34 
1290.18 
1287.09 
1129.93 
1254.23 
1751.39 
1486.38 
1110.42 
1611.69 
1669.22 
1279.91 
1323.05 
1782.21 
1622.99 
1661.00 
1661.00 
1558.28 
1643.54 
1592.18 
1482.21 
210.63 
14.21 
Effective dose 
equivalent (fiSv 
y-') 
216.45 
170.67 
152.14 
151.77 
133.24 
147.89 
206.53 
175.28 
130.94 
190.05 
196.84 
150.93 
156.02 
210.16 
191.38 
195.87 
195.87 
183.75 
193.81 
187.75 
174.78 
24.84 
14.21 
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It is clear from the table that the radon activity for soil samples inside power plant is 
5105.71 Bq m"'' .exhalation rate 1835.63 mBq m'^  h ' and effective dose equivalent 
216.45 \iS\ y"' .while outside power plant radon activity varies from 3088.57 Bq m"^  
to 4957.14 Bq m''' with an average value of 4122.71 Bq m'^  ; exhalation rate varies 
from 1110.42 mBq m"^  h"' to 1782.21 mBq m"^  h"' with an average value of 1482.21 
mBq m'^  h'' while effective dose equivalent varies from 130.94 \iSw y"' to 210.16 i^Sv 
y'' with an average value of 174.78 nSv y"'. The lower values were found for the soil 
samples collected from outside the Power Plant as compared to the value for the soil 
sample collected from inside the Plant. The higher value of radon exhalation rate of 
soil inside Power Plant may be due to the presence of large amount of fly ash 
collected there. Fig 3.6 presents the frequency distribution chart of exhalation rate of 
different samples investigated. 
I Count 
>; 15 
u. 1.0 
10 12 14 16 18 2 0 22 
Exhalation rate(Bq m'^  h') 
Fig 3.6 Frequency distribution of radon exhalation rates from soil samples from 
inside and outside the Kasimpur Thermal Power Plant 
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3.2.7 Radon exhalation rate and radiation doses from soil samples 
collected from 50m away from Kasimpur Thermal Power Plant 
About 20 samples of soil were collected about 50 m away from Kasimpur Thermal 
Power Plant to investigate the effect of fly ash spread out from the plant on the nearby 
soil. 
Results and Discussion 
Table 3.6 Presents the measured data for the soil samples collected from the places 
50m away from the power plant. 
Table 3.6 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-en'ective dose from soil samples 50 m away from Kasimpur 
thermal power plant, India 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Average 
value 
S.D 
R.S.D% 
Track Density 
(track/cm^ d) 
285.92 
216.00 
209.6 
247.2 
243.68 
185.76 
121.76 
155.36 
170.72 
245.28 
274.72 
224.00 
250.24 
229.44 
223.68 
235.2 
236.2 
253.28 
243.84 
120.32 
215.07 
44.19 
20.55 
Radon Activity 
(Bq m-') 
Inside Power Plant 
5105.71 
Outside Power Plan 
3857.14 
3742.86 
4414.29 
4351.43 
3317.14 
2174.29 
2774.29 
3048.57 
4380.00 
4905.71 
4000.00 
4468.57 
4097.14 
3994.29 
4200.00 
4222.86 
4522.86 
4354.29 
2148.57 
3840.75 
789.41 
20.55 
Exhalation 
rate (mBq 
m-H') 
1835.63 
t 
1386.73 
1345.65 
1587.04 
1564.44 
1192.59 
781.71 
997.42 
1096.03 
1574.72 
1763.72 
1438.09 
1606.56 
1473.02 
1436.04 
1510.00 
1518.22 
1626.08 
1565.47 
772.46 
1380.84 
283.81 
20.55 
Effective dose 
equivalent (fiSv 
216.45 
163.52 
158.68 
187.15 
184.48 
140.63 
92.18 
117.62 
129.24 
185.69 
207.98 
169.58 
189.45 
173.69 
169.34 
178.06 
179.03 
191.75 
184.60 
91.09 
162.83 
33.47 
20.56 
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The radon activity for soil samples inside the power plant is 5105.71Bq m" 
,exhalation rate 1835.63 mBq m"^  h'' and effective dose equivalent 216.45^Sv y"', 
while from a distance of 50m away from power plant, radon activity varies from 
2148.57 Bq m"^  to 4905.71 Bq m"^  with an average value of 3840.75 Bq m"^  , 
exhalation rate varies from 772.46 mBq m'^  h'' to 1763.72 mBq m"^  h ' with an 
average value of 1380.84 mBq m"^  h"' while effective dose equivalent varies from 
91.09 ^Svy"' to 162.83 fiSvy"' with an average value of 162.83 tiSvy"'. The fly ash 
spread over the soil in nearby places of the plant lowers the values of radon activity 
and radon exhalation. 
Fig 3.7. presents the frequency distribution chart of exhalation rate of different 
samples studied. 
0.0 0.2 0.4 0.6 0.8 1.0 12 14 1.6 1.8 20 
Exhalation rate(Bq m"^  h"') 
Fig 3.7 Frequency distribution of radon exhalation rates from soil samples 50 m 
away from Kasimpur thermal power plant from soil samples 
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3.2.8 Radon exhalation rate and radiation dose from soil samples collected 
from nearby Panki thermal power plant 
About 27 samples of soil were collected from the places near another Thermal Power 
Plant at Panki(U.P.) for comparison with those from Kasimpur thermal Power Plant. 
Table 3.7 presents the result of measurements. 
Table 3.7 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-effective dose in soil samples near Panki thermal power plant, 
India 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
Average value 
S.D 
R.S.D% 
Track Density 
(track/cm^ d) 
276.32 
C 
247.2 
226.08 
229.6 
222.56 
234.72 
173.76 
186.72 
176.00 
197.28 
173.28 
189.28 
192.00 
206.88 
220.00 
216.00 
198.56 
204.48 
182.88 
219.36 
209.92 
258.08 
249.76 
214.08 
226.24 
174.88 
238.08 
210.29 
24.81 
11.79 
Radon Activity 
(Bq m') 
inside Power Plant 
4934.29 
>utside Power Plant 
4414.29 
4037.14 
4100 
3974.29 
4191.43 
3102.86 
3334.29 
3142.86 
3522.86 
3094.29 
3380.00 
3428.57 
3694.29 
3928.57 
3857.14 
3545.71 
3651.43 
3265.71 
3917.14 
3748.57 
4608.57 
4460.00 
3822.86 
4040.00 
3122.86 
4251.43 
3755.28 
443.10 
11.79 
Exhalation 
rate (m Bq 
m-^h') 
1773.99 
1587.04 
1451.45 
1474.05 
1428.85 
1506.92 
1115.55 
1198.76 
1129.93 
1266.55 
1112.47 
1215.19 
1232.65 
1328.19 
1412.42 
1386.73 
1274.77 
1312.78 
1174.10 
1408.31 
1347.70 
1656.89 
1603.48 
1374.41 
1452.48 
1122.74 
1528.49 
1350.11 
159.31 
11.79 
Effective dose 
equivalent (^Sv 
V) 
209.19 
187.15 
171.16 
172.77 
167.47 
177.69 
131.55 
141.36 
133.24 
149.35 
131.18 
143.29 
145.36 
156.62 
166.55 
163.52 
150.32 
154.80 
138.45 
158.92 
166.07 
195.38 
189.08 
162.07 
171.28 
132.39 
180.24 
159.13 
18.73 
11.77 
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Radon activity for soil sample from inside of the power plant is 4934.29 Bq m \ 
exhalation rate 1773.99 mBq m"^  h'' and effective dose equivalent 209.19 ^Sv y'', 
while outside power plant radon activity varies from 3094.29 Bq m'^  to 4608.57 Bq 
m'^  with an average value of 3755.28 Bq m"^  .exhalation rate varies from 1112.47 
mBq m'^  h'' to 1656.89 mBq m"^  h'' with an average value of 1350.11 mBq m"^  h"' 
while effective dose equivalent varies from 131.18 jiSvy'' to 195.38 ^Svy'' with an 
average value of 159.13 (iSv y"'. The maximum value was found to be for the soil 
sample inside Panki thermal power plant as also observed in the case of Kasimpur 
thermal power plant. 
Fig3.8 shows the frequency distribution chart of exhalation rate of different samples 
studied. 
I Count 
Exhalation rate(Bq m" h') 
Fig 3.8 Frequency distribution of radon exhalation rates in soil samples nearby 
Panki thermal power plant. 
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3.2.9 Radon Exhalation rate and radiation dose from soil samples collected 
from Jaduguda U-mines area (East Singhbhum Shear Zone), 
Jharkhand, India. 
The natural radioactivity in soil comes from U, Th and from natural K. Some 
other terrestrial radionuclides, including those of the •^'^ U series, *'Rb, '^ *La, '''^ Sm 
and '^ *Lu exist in nature but at such low levels that their contributions to the dose in 
the humans are small. Artificial radio nuclides can also be present such as '^ ^Cs, 
resulting from fallout from weapons testing. The radiological implication of these 
radio nuclides is due to the gamma ray exposure of the body and irradiation of lung 
tissue from inhalation of radon and its daughters. Therefore, the assessment of 
radiation dose from natural sources is of particular importance as natural radiation is 
the largest contributor to the external dose of the world population (UNSCEAR, 
1988). 
Jharkhand state of India is rich in minerals and is called the store house of 
minerals. There are huge deposits of bauxite, mica and coal along with iron, copper, 
chromites, tungsten, lime stone, feldspar and quartz etc. Naturally occurring radio 
nuclides of terrestrial origin (^ *^U, ^^ T^h and ''°K) are present in the earth's crust since 
its origin and are found in almost all types of soil, rocks, sand and water. About 12 
samples of soil were collected for the measurement. Radon exhalation rates from soil 
samples from East Singhbhum shear zone near U-mining area of Jharkhand state of 
India have been measured using sealed can technique I. 
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Results and Discussion 
Values of radon activity concentration, radon exhalation rate and indoor 
inhalation exposure (radon)-effective dose from soil samples are presented in 
Table 3.8 
Table 3.8 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-effective dose in soil samples from East Singhbbum shear zone 
near U-mining area of Jbarkhand state of India 
Sample 
Code 
JS-1 
JS-7 
JS-12 
JS-13 
JS-17 
JS-19 
JS-21 
JS-22 
JS-23 
JS-24 
JS-25 
JS-26 
Min 
Max 
Average 
value 
S.D 
R.S.D% 
Location of 
Samples 
Near Jaduguda li-
mine 
Gamaharia Main 
Market 
Tata Swam Rakha 
River 
Chanduka Mines 
Tata Outer-I 
Tata Telco 
B-Block Bokaro 
Bokaro Stone 
mines 
River side Bokaro 
Sector IX-D 
Bokaro 
Secton IX-C 
Bokaro 
Sector IX-Bokaro 
Track Density 
(track/cm^ d) 
234.88 
227.20 
253.28 
212.48 
249.76 
220.16 
269.12 
253.12 
244.00 
260.00 
243.36 
273.93 
212.48 
273.93 
245.11 
18.83 
7.68 
Radon 
Activity 
(Bqm-*) 
4194.29 
4057.14 
4522.86 
3794.29 
4460 
3931.43 
4805.71 
4520 
4257.14 
4642.86 
4345.71 
4891.43 
3794.29 
4891.43 
4368.57 
337.91 
7.70 
Exhalati 
on rate 
(mBq 
m-^ b"^ ) 
1507.95 
1458.64 
1628.08 
1364.14 
1603.48 
1413.44 
1727.77 
1625.05 
1566.49 
1669.22 
1562.39 
1758.59 
1364.14 
1758.59 
1573.77 
120.93 
7.68 
Effective 
dose 
equivale 
nt(^Sv 
177.82 
172.00 
191.75 
160.86 
189.08 
166.67 
203.74 
191.63 
184.72 
196.84 
184.24 
207.37 
160.86 
207.37 
185.56 
14,25 
7.68 
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It is clear from the table that the radon activity for soil(near U-mining area) samples 
varies from 3794.29 Bq m"'^  to 4891.43 Bq m"'' with an average value of 4368.57 Bq 
m'^ , exhalation rate varies from 1364.14 mBq m'^  h'' to 1758.59 mBq m^h' with an 
average value of 1573.77 mBq m"^  h"' while effective dose equivalent varies from 
160.86 i^Sv y"' to 207.37 jiSv y"' with an average value of 185.56 ^Sv y"' . The 
maximum value was found to be for the sector IX, Bokaro. The higher values of 
radon exhalation rate may be due to the grain size and the uranium concentration. Fig 
3.9 shows the frequency distribution chart of exhalation rate of different samples. 
Exhalation rate(Bq m" h") 
Fig 3.9 Frequency distribution of radon exhalation rates in soil samples from East 
Singhbhum shear zone near U-mining area of Jharkhand state of India. 
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3.2.10 Measurement of Radon Exhalation Rate and Radiation Doses from some 
Building Construction Materials. 
For the measurements 19 samples of building materias used in construction activities 
in this region of India were collected from various sites. In the present investigations 
radon exhalation rates from some building materials lilce fly ash, cement, slag. Bottom 
ash, Sand, Bazari, Badarpur and flooring tiles have been estimated using sealed can 
technique I. 
Results and Discussion 
The values of radon exhalation rate and effective dose equivalent in different building 
materials are given in Table 3.9 
Table 3.9 
Radon activity concentration, radon exhalation rate and effective dose 
equivalent in some building construction materials 
Details of samples 
Fly ash 
Fly ash 
Slag 
Slag 
Bottom ash 
Bottom ash 
JP cement 
Shri Altra cement 
Ambuz cement 
Birla Shakti cement 
Birla Plus cement 
A.C.C. cement 
Sand 
Sand 
Sand 
Badarpur 
Bazari 
Flooring tiles 
Flooring tiles 
Track Density 
(track/cm^ d) 
139.84 
114.72 
233.76 
178.56 
143.36 
151.52 
46.24 
89.76 
71.52 
50.4 
41.92 
55.04 
121.76 
113.92 
120.48 
156.64 
104.8 
36.16 
42.72 
Radon 
activity 
(Bq mO 
2497.14 
2048.57 
4174.29 
3188.57 
2560.00 
2705.71 
825.71 
1602.86 
1277.14 
900.00 
748.57 
982.86 
2174.29 
2034.29 
2151.43 
2797.14 
1871.43 
645.71 
762.86 
Exhalation 
Rate (mBq m' 
897.78 
736.51 
1500.76 
1146.37 
920.38 
972.77 
296.86 
576.27 
459.16 
323.57 
269.13 
353.36 
781.71 
731.38 
773.49 
1005.64 
672.82 
386.47 
456.58 
Effective 
dose 
equivalent 
(nSv y-*) 
105.87 
86.85 
176.97 
135.18 
108.53 
114.71 
35.01 
67.95 
54.14 
38.16 
31.74 
41.67 
92.18 
86.24 
91.21 
118.59 
79.34 
45.57 
53.84 
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3.3 Measurement of radon exhalation rate and estimation of radiation doses 
from solid blocks of building materials i.e. mosaic, granite, ceramic tiles, 
bricks. 
In the present investigations radon exhalation rates from mosaic, granite, ceramic 
tiles, bricks used in the construction of buildings and collected from different places 
of India were carried out through sealed can technique II using LR-115 type II as 
track detectors. 
3.3.1 Experimental detail 
(a) Experimental technique(Can technique H) 
Cylindrical plastic can of 7.5cm height and 7.0 cm diameter was sealed to the 
individual samples by plasticin (FigS.lO). In each can a LR-115 type II plastic 
detector (2cm x 2cm) was fixed at the top inside of the can, such that the sensitive 
surface of the detector faces the material and is freely exposed to the emergent radon. 
Radon decays in the volume of the can record the alpha particles resulting from the Po 
'^* and Po '^'* deposited on the inner wall of the can. Radon and its daughters will 
reach an equilibrium in concentration after one week or more. Hence the equilibrium 
activity of the emergent radon can be obtained from the geometry of the can and the 
time of exposure. The detectors were exposed to radon for 100 days. After the 
exposure the detectors were etched in 2.5 N NaOH at 6Q°C in a constant temperature 
water bath for revelation of tracks. The resulting alpha tracks on the exposed face of 
the track detector were counted using an optical microscope at a magnification of 
400X. The radon exposure inside the can was obtained from the track density of the 
detector by using calibration factor of 0.56 tracks cm"^  d"' obtained from an earlier 
calibration experiment (Singh et al, 1997). 
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LR-115 Type n Nuclear 
Track Detector 
-Plastic Can 
JBuilding Material 
Figure 3.10: Assembly for the measurement of radon exhalation rate using "Can 
technique 11" 
The exhalation rate is found from the expression (Fleischer and Morgo-Campero, 
1978; Khan etal, 1992): 
CVX 
Ex = 
Where, 
Ex 
V 
X 
T 
A 
AlT + jie"-!)] 
Radon Exhalation rate (Bq m'^  h"') 
Integrated radon exposure as measured by LR-115 type II 
solid state nuclear track detector (Bq m-^  h''). 
Volume of can (m )^ 
Decay constant for radon (h'') 
Exposure time (h) 
Area covered by the can (m )^ 
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(b) Risk estimates 
The risk of lung cancer due to radon and its daughters from these materials used as 
building materials can be estimated from the radon exhalation rate. The details are 
given in the previous article 3.2.1© 
3.3.2 Radon exhalation rate and radiation doses from granite samples. 
Knowledge of natural radiation emitted from the building materials are of particular 
interest as radiation from building materials are main contributors to radiation 
exposure to the human beings. Building materials may be the possible serious source 
of radiation exposure in particular if they contain large amount of naturally occurring 
radionuclides or man made radionuclides (Radiation Protection 112, 1999, Nuclear 
Energy Agency 1979). In addition to soil and water building construction materials 
can be the significant contributor (Bertrand et al. 1994; Durrani and Ilic, 1997) of 
indoor radon in the dwellings. Radon emanation from building materials has been the 
subject of many studies (Bertrand et al, 1994; Durrani and Ilic, 1997; Lubin and 
Boice, 1997; Mahur et al; 2005, Al Garallah et al, 2001). studies of radon exhalation 
from building material, is important for the estimation of public exposure as people 
spend most of their time (~ 80%) indoors (Stoulos et al, 2003). Further more, it is 
useful in setting the standards and national guidelihes with regard to the international 
recommendations and in assessing the associated radiation hazard. Especially due to 
radon inhalation, leading to deposition of its decay products in the respiratory tract. 
During the past few year, lot of attention has been devoted to the control of 
natural radiation in building materials in European, Asian and some African countries 
- (Malanca et al 1995, Khan and Tyagi, 1994, Giuseppe et al, 1996, Ahmad and 
Hussein, 1997 UNSCEAR, 1988, Al Jurallah et al, 2001, Muhammad et al, 2001, 
Sroor et al 2001, Kovler et al, 2002, Petropoalos et al 2002, Stoulos et al 2003, Arafa 
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2004, Mahur et al, Env. Geochi 8 (2005) 300, Anjos et al, 2005, Ngachin et al, 2006). 
Construction materials are sources of airborne radioactivity and external radiation 
from the decay series of uranium in buildings. 
Radon exhalation (^ ^^ Rn) from these materials of interest since the short-lived 
decay products of radon are the greatest contributors to the lung dose of inhaled 
radionuclides. Recently India is becoming a relative large market for local and foreign 
granite usage. Granites are widely used for tiling of houses and flooring materials. 
Even old houses are renovated by replacing the conventional tiles with granites. 
Granites are most abundant igneous rocks and due to their properties such as 
color variety heat and scoratch resistance have multiples uses such as work-surface, 
flooring and internal cladding (Anjos et al, 2005, Fokianos et al, 2005). In terms of 
natural radioactivity granites exhibit enhanced concentration of uranium (U) and 
thorium (Th) as compared to the very low abundance of these elements observed in 
the mantle and the crust of the Earth (Mason and Moore, 1982; Tzortzis Tsertos, 
2004). Certain granites are typical of uranium bearing natural materials. (Aljarallah, 
2001; Mahur etal, 2005). 
In the present study the estimation of radon exhalation rates from granite 
samples used in construction activities in India was carried out using sealed can 
technique. Effectively dose equivalents were calculated from the radon exhalation 
rates. A total of 21 different type of the main commercial granites were collected 
from the local stone market. The samples were classified in accordance to their 
colours, site of extraction and minerological compositions. Can technique (Abu-Jarad 
et al, 1980, Rawat et al, 1991) was used for the measurements of raodn exhalation 
rates. 
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Results and Discussion 
Table 3.10 presents the results of measured data for radon exhalation from different 
granite samples. 
Table 3.10 
Radon activity, radon exhalation rate and effective dose equivalent in different 
types/colours of granite samples 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
Types/Colours of 
granite 
Green, Black and White 
Manjholi 
Katni gray and Pink 
Oman 
Yellow 
Katni cream 
Pink granite 
Sunvar 
Black 
Black, Pick and white 
Black and white 
Black and green 
Orange, Black and white 
Gray, Orange and Brown 
Black, Brown, White-I 
and Gray 
Brown, Gray, Black and 
white-II 
Ruby red 
Wonder Marble 
White-II 
Black-I 
Blac 
Min 
Max 
Average 
value 
S.D. 
R.S.D% 
k-II 
v.. 
Radon 
Activity 
(Bq m"^ ) 
522.86 
624.29 
442.86 
511.43 
841.43 
4258.57 
481.43 
494.29 
541.43 
3008.57 
3098.57 
468.57 
3070.00 
2837.14 
2832.86 
2247.14 
3334.29 
712.86 
515.71 
380.00 
435.71 
380.00 
4258.57 
1507.62 
1316.23 
67.31 
Radon exiialation 
rate (mBq m' h' 
312.93 
373.65 
265.06 
306.09 
503.61 
2548.81 
288.14 
295.84 
324.05 
1800.67 
1854.54 
280.45 
837.44 
1698.07 
1695.51 
1344.95 
1995.62 
426.66 
308.66 
227.44 
260.78 
227.44 
2548.81 
854.71 
758.09 
88.69 
Effective dose 
equivalent 
(uSvy-') 
36.90 
44.06 
31.26 
36.09 
59.39 
300.56 
33.98 
34.89 
38.21 
212.34 
218.69 
33.07 
98.75 
200.24 
199.94 
158.59 
235.33 
50.31 
36.39 
26.82 
30.75 
26.82 
300.56 
100.79 
89.39 
88.69 
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Radon activity varies from 380.00 Bq m"^  to 4258,57 Bq m'^  with an average value of 
1316.23 Bq m'\ exhalation rate varies from 227.44 mBq m'^  h"' to 2548.81 
mBq m'^  h"' with an average value of 854.71 mBq m'^  h'' while effective dose 
equivalent varies from 26.82 nSv y"' to 300.56 |iSv y"' with an average value of 
100.79 ^Sv y''. Thus there is a wide variation in radon exhalation rates in granite 
samples and it is observed that granites have higher radon concentration and may be 
the main source of radon emanation as compared to other building materials such as 
cement, sand , bajari and concrete etc. (the results presented earlier). The frequency 
distribution of radon exhalation rate from granite samples is given in Fig 3.11 the 
distribution seems to be log-normal. Granites can be a significant source of radon in 
houses, when used in tiling large enclosed areas, besides being source of external 
gamma radiation from uranium decay series. 
• Count 
0.5 1.0 1.5 2 0 25 
Exhalation rate(Bq m'^  h"') 
Fig 3.11 Frequency distribution of radon exhalation rates from granite samples 
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3.3.3 Radon Exhalation rate and radiation doses from mosaic samples. 
In the present study we have made measurement of radon exhalation rate from mosaic 
of different brands and colours, commonly used as building construction materials in 
India. Samples for investigation were collected from three different major mosaic 
producing sites i.e. Jaipur, Kishangarh and Ajmer in the state of Rajasthan, India. 
From Kishangarh tiles of different colors were collected. These tiles are 
decorative tiles used as wall tiles and also used in interior, exterior, garden and 
swimming pools of residential, commercial, multiplexes, Malls, public buildings and 
road sides and others. The colours are of permanent nature which are incorporated in 
the full size and thickness of the product. 
Applications 
Wall cladding. Swimming Poll Deck, Landscape Area, Stairways, Sitouts, Walkways, 
Internal Floors, Driveways, Foyer Area Corrioors, Skirting, Countyards, Verandahs, 
Parches. 
Salient Features 
High performance, long life, low maintinence, fashionable, save money & time, easy 
to lay, sample, eye catching with modern look, less prone to dirt accumulation, least 
water adsorption, consistency in colour & textures plus many others. 
In order to measure the radon exhalation rate in mosaic used as a building 
material, mosaic samples of different brands and colors were collected. Out of total 27 
samples collected 10 were from Jaipur, 8 from Kishangarh and 9 from Ajmer. 
Results and Discussion 
Table 3.11 presents the results of measured data for radon exhalation from various 
mosaic samples. 
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Table 3.11 
Radon activity concentration, radon exhalation rate and indoor inhalation 
exposure (radon)-effective dose from mosaic samples 
Sample Details 
From Jaipur 
1. Kasara Marble (Brown) 
2. Kasara Marble (Gray with white) 
3. Kasara Marble (Light brown with 
white) 
4. Kasara Marble (Cream with 
Brown) 
5. Mukesh Marble (light brown) 
6. Mukesh Marble (Light yellow) 
7. Kota Stone Mukesh Marbles arts 
(Gray colour) 
8. Mukesh Marble (Brown with 
white) 
9. Shivshakti Marble (Cream with 
Gray) 
10. Shivshakti Marble (Cream with 
Brown) 
From Kishangarh (Wall Tiles) 
11. Kishangrah (Orange Colour) 
12. Galaxio (Red Colour) 
13. Galaxio (Cream Colour) 
14. Unique (Red Colour) 
15. Unique (Cream Colour) 
16. Chocobar (Red Colour) 
17. Chocobar (Gray colour) 
18. Fancy (Cream with Red Wonder) 
From Ajmer 
19. Red Colour 
20. Gray with White 
21. White 
22. Cream 
23. Gray Dark 
24. Light Gray 
25. Brown with white 
26. White, yellow, brown. Green 
27. White, Brown, Gray, Phirozi 
Min 
Max. 
Average Value 
S.D. 
R. S. D.% 
Track Density 
(track/cm^ d) 
56.32 
35.04 
69.44 
64.00 
73.92 
65.76 
45.60 
70.72 
56.48 
45.60 
39.52 
35.36 
61.60 
38.40 
27.52 
36.96 
51.68 
31.68 
77.60 
66.24 
101.12 
49.76 
40.64 
69.6 
64.48 
45.76 
62.88 
27.52 
101.12 
54.95 
17.12 
Radon 
activity 
(Bqm-5) 
1005.71 
625.71 
1240.00 
1142.86 
1320.00 
1174.29 
814.29 
1262.86 
1008.57 
814.29 
705.71 
631.43 
1100.00 
685.71 
491.43 
660.00 
922.86 
565.71 
1385.71 
1182.86 
1805.71 
888.57 
725.71 
1242.86 
1151.43 
817.14 
1122.86 
491.43 
1805.71 
981.27 
305.66 
Radon 
Exhalation 
Rate (mBq m' 
601.93 
374.49 
742.16 
684.02 
790.04 
702.83 
487.36 
755.84 
603.64 
487.36 
422.38 
377.92 
658.37 
410.41 
294.13 
395.02 
552.34 
338.59 
829.37 
707.96 
1080.74 
531.82 
434.35 
743.87 
689.15 
489.07 
672.05 
294.13 
1080.74 
587.30 
182.94 
31.16 34.15 31.15 
Effective 
dose 
equivalent 
(nSvy') 
70.98 
44.16 
87.52 
80.66 
93.16 
82.88 
57.47 
89.13 
71.18 
57.47 
49.81 
44.56 
77.64 
48.39 
34.68 
46.58 
65.13 
39.93 
97.80 
83.48 
127.44 
62.71 
51.22 
87.72 
81.27 
57.67 
79.25 
34.68 
127.44 
69.26 
21.57 
31.14 
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Radon activity varies from 27.52 Bq m"Mo 101.12 Bq m'^  with an average value of 
54.95 Bq m'\ exhalation rate varies from 491.43 mBq m"^  h ' to 1805.71mBq m'^h'' 
with an average value of 981.27 mBq m'^  h"' while effective dose equivalent varies 
from 34.68 ^Sv y'' to 127.44 nSv y ' with an average value of 69.26 nSv y''. Thus 
radon emanation from mosaic samples shows a wide variation and the values are quite 
less than from the granite samples. It is observed that mosaic used for the same 
purpose as granite in building construction may have less radiation risk. The 
frequency distribution of radon exhalation rate from mosaic samples is given in Fig 
3.12. The distribution does not seem to be lognormal. 
0.2 0.4 0.6 0.8 1.0 1.2 
Exhalation rate(Bq m"^  h"') 
Fig 3.12 Frequency distribution of radon exhalation rates from mosaic samples 
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3.4 Effect of plastering and paints on the radon exhalation rate and radiation 
doses from fired bricks. 
Radon appears mainly by diffusion processes from floors, walls and ceilings which 
are constructed with cement, sand and other buildings materials. Bricks are made 
from soil and fired in Kilns. These bricks are used in the construction of walls of the 
house and then the walls are plastered with a mixture of cement and sand. 
Construction materials are one of the major sources of indoor radon concentration in 
dwellings and largely contribute to the domestic radiation dose rates received by 
humans (Lowder et al, and Mcaughlin et al). The walls and roofs are painted with 
different kind of paints and may affect the radon exhalation from these construction 
materials. As different brands of paints are available in the market and widely used as 
a cover for plastered bricks for increasing the life and for ornamental purpose, the 
study is important for understanding the effect of the wall coverings on radon 
exhalation from the building materials. 
In order to investigate the effect of paints available in the market on the radon 
exhalation rate from building materials, several bricks were collected. These bricks 
were plastered with a mixture of cement and sand. Before measurements bricks were 
dried for 24 hours. These plastered bricks were then coated with white wash and again 
dried for 1-2 hours. After drying the bricks were coated with different brands and 
colors of paints. Radon exhalation rates measurements were carried out for these 
painted bricks through sealed can technique II using LR-115 type II detectors. 
Results and Discussion 
Radon activity and radon exhalation rate are measured from unplastered brick, 
plastered brick and plastered bricks painted with different brands and colors of paints. 
Computed values of radon activity, radon exhalation rate and effective dose 
equivalents are presented in Table 3.12 
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.Table 3.12 
Radon activity concentration, radon exhalation rate and efTective dose equivalent 
from plastered and painted fired bricks. 
Brands/ Colours 
of Paints 
Unplastered Brick 
Plastered Brick 
Gold 
Oxford Blue 
P.O. Red 
Black 
Yellow 
Bus Green 
King Lac 
Black 
Crimson 
Bus Green 
P.O. Red 
Gold yellow 
0.x. Blue 
Phirozi 
White 
Ganga 
Silver 
Asian paints 
Golden Yellow 
Phirozi 
Orange 
Red 
Blue 
Bus Green 
Ampro 
Bus Green 
White 
Phirozi 
Golden Yellow 
Red 
Berger 
Black 
Bus green 
Phirozi Blue 
Golden yellow 
Snow white 
Touch 
Silver 
Traclc Density 
(track/cm^d) 
65.44 
80.00 
79.84 
70.08 
68.96 
94.24 
62.88 
62.24 
69.28 
70.56 
68.64 
69.28 
64.00 
52.00 
74.24 
62.24 
64.8 
51.04 
80.16 
55.84 
59.52 
73.12 
61.76 
64.96 
60.48 
53.28 
51.36 
47.36 
57.44 
61.28 
85.76 
70.56 
53.76 
Radon 
activity 
(Bqm^) 
1168.57 
1428.57 
1425.71 
1251.43 
1231.43 
1682.86 
1122.86 
1111.43 
1237.14 
1260.00 
1225.71 
1237.14 
1142.86 
928.57 
1325.71 
1111.43 
1157.14 
911.43 
1431.43 
997.14 
1062.86 
1305.71 
1102.86 
1160.00 
1080.00 
951.43 
917.14 
845.71 
1025.71 
1094.29 
1531.43 
1260.00 
960.00 
Exhalation 
Rate (mBq m' 
699.41 
855.02 
853.31 
748.99 
737.03 
1007.22 
672.05 
665.21 
740.45 
754.13 
733.60 
740.45 
684.02 
555.76 
793.46 
665.21 
692.56 
545.50 
856.73 
596.80 
636.14 
781.49 
660.08 
694.28 
646.39 
569.44 
548.92 
506.17 
613.90 
654.95 
916.58 
754.13 
574.57 
Effective Dose 
equivalent 
82.48 
100.82 
100.62 
88.32 
86.91 
118.77 
79.25 
78.44 
87.31 
88.93 
86.51 
87.31 
80.66 
65.54 
93.54 
78.44 
81.67 
64.33 
101.03 
70.38 
75.01 
92.15 
77.84 
81.87 
76.22 
67.15 
64.73 
59.69 
72.39 
77.23 
108.08 
88.93 
67.75 
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It can be seen from the Table 3.12 that radon emanation is reduced by plastering. The 
effect of paints is not significant although different brands and colors of paints affect 
the values by different amounts. The change may be due to different amounts of U 
concentration in the plastering materials and paints, and porosity of the material 
(Folkerts et al,). Radon activity varies from 845.71 Bq m'^  to 1531.43 Bq m'^ .. Radon 
exhalation rate varies from 506.17 mBq m'^  h'' to 916.58 mBq m'^  h"' whereas the 
effective dose equivalent for radon decay products vary from 59.69 nSv y ' to 108.08 
fiSv y'' . Radon exhalation is found to increase slightly with golden (yellow), Asian 
(orange) and Berger (yellow& snow white) while it decreases with others. UNSCEAR 
2000 has reported the exhalation rates from walls and floor of half slab thickness 0.1 
m and 0.05 m as 5760 mBq m'^  h"' and 2860 mBq m"^  h"' respectively. The values 
reported in the present study are less than these values. 
3.4.1 Effect of fly ash additives in soils 
In order to study the effect on the radon exhalation rates by adding different 
amount of fly ash, a separate experiment was performed to measure the exhalation 
rate of radon from a homogenous mixture of fly ash and soil. For this purpose, 
different percentage of fly ash was introduced into the soil and keeping the total 
weight of the sample constant. All the samples were dried and sieved through a 100 
mesh sieve before mixing homogenously. 
In the present investigations radon exhalation rates for fly ash additive soil 
collected from Kasimpur thermal power plant were carried out sealed through sealed 
can technique II using LR-115 type II detectors. 
Result and Discussion 
The values of radon activity, radon exhalation rates and effective dose equivalent 
from the fly ash additive soil samples are given in Table 3.13 
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Table 3.13 
Radon exhalation rate from soil with different amounts of fly ash (expressed in 
% by weight) substituted into the samples of equal total weight 
s. 
No. 
1 
2 
3 
4 
5 
6 
Rado 
Sample 
soil 
ASo 
AS, 
AS2 
AS3 
AS4 
AS5 
n activity w 
Flyash 
additive 
(%) 
0 
10 
20 
30 
40 
50 
as found to ^ 
Track Density 
(track/cm* d) 
277.6 
276 
266.08 
265.12 
212.96 
189.44 
/ary from 3382.9 
Radon 
activity 
(Bq mO 
4957.14 
4928.57 
4751.43 
4734.29 
3802.86 
3382.86 
Bq m"' to 495 
Exhalation 
Rate (mBq 
m-^ h-*) 
1782.21 
1771.94 
1708.25 
1702.09 
1367.22 
1216.24 
Effective 
dose 
equivalent 
(jiSvy-*) 
210.16 
208.95 
201.56 
200.71 
161.22 
143.42 
7.1 Bq m''^  exhalation rate 
varied from 1216.2 mBq m"^  h'' to 1782.2 mBq m'^  h'', whereas the effective dose 
equivalent varies from 143.4 jiSv y"' to 210.2 jxSv y"'. The effect of fly ash as an 
additive to building materials has been studied by several groups and conflicting 
results have been reported by different workers. Stranden (1983) and Moraziotis 
(1985) reported a reduction in radon exhalation in concrete with fly ash as additive. 
The data of Siotis and Wrixon (1984) on cement with different amounts of fly ash 
additive in it contradict these results. Ulbak et al(1984) and Karmadoost et al (1988) 
concluded that no significant change was found in soil samples after the addition of 
fly ash. To investigate statistically relative correlation on the use of fly ash additive, 
we have applied t-test to our measurements. 
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Gradual decrease has been observed in the samples having fly ash as an 
additive in soil samples. However, experimental values for mixtures of fly ash and 
soil are then the values expected from an arithmetic computation based on related 
proportions of fly ash and soil. This shows that values for the mixture decrease if the 
additive has lower exhalation rate than the base material. This may be due to the 
emanation powers of different materials and perhaps, some difference in the grain size 
of the materials. The observation can be utilized in suppressing the radon emanation. 
The variation of exhalation rate with (%) of fly ash additive is shown in Fig 3.13. 
ASO AS1 AS2 ASS AS4 ASS 
Fig 3.13 Variation of exhalation rate from soil with different amounts of fly ash 
(expressed in % by weight) substituted in to samples of equal total weight 
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CHAPTER-IV 
Measurement of Natural Radioactivity Through Gamma Ray 
Spectroscopy 
4.1 Introduction 
Throughout the history of life on earth, organisms continuously have been exposed to 
radiations from radionuclides produced by cosmic ray interaction in the atmosphere, 
and radiations from naturally occurring substances which are spatially distributed in 
all living and non-living components of the biosphere (Whicker and Schultz, 1982). 
The earth's heat content is basically provided and maintained by the heat of decay of 
these naturally occurring radionuclides (primordial) such as uranium, thorium and 
potassium which occur in nature as a complex of oxides, hydrated oxides, carbonates, 
phosphates, sulphates, vanadates and silicates (Whicker and Schultz, 1982; Abdi et al; 
2006). Naturally occurring radioactive materials (NORM) generally contains 
radionuclides found in nature i.e. thorium, uranium, and their progeny. When NORM 
becomes concentrated in radionuclides due to human activity, one can speak about 
technologically enhanced naturally occurring radioactive materials (TENORM). 
All building materials such as concrete, cement, brick, sand, aggregate, 
marble, granite, limestone, gypsum, etc. contain mainly natural radionuclides 
including uranium ( U) and Thorium ( Th) and their decay products and the 
radioactive isotope of potassium (^ °K). The naturally occurring radionuclides in the 
building materials contribute to radiation exposure, which can be divided into external 
and internal exposure. External exposure is caused by direct gamma radiation while 
internal exposure is caused by the inhalation of the radioactive inert gas radon (^ ^^ Rn, 
a daughter product of ^^ ^Ra) and its short-lived secondary decay products. Knowledge 
of the level of natural radioactivity in building materials is then important to assess 
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the possible radiological hazards to human health and to develop standards and 
guidelines for the use and management of these materials. Analysis of distribution of 
238y^  232yj^  ^i^j 40pr jj^  crustal materials is very important for solving many geological 
problems such as investigations on contribution of these elements to environmental 
radioactivity, estimation of radiogenic heat production of the crust and upper mantle 
in geothermal problems. 
The great interest expressed worldwide for the study of naturally occurring 
radiation and environmental radioactivity has led to the performance of extensive 
surveys in many countries UNSCEAR (2000). Such investigations can be useful for 
both the assessment of public dose rates and the performance of epidemiological 
studies, as well as to keep reference data records, to ascertain possible changes in the 
environmental radioactivity due to nuclear, industrial, and other human activities. 
Natural environmental radioactivity arises mainly from primordial 
radionuclides such as k, and the radionuclides from the Th and U series and 
their decay products, which occur at trace levels in all ground formations. Primordial 
radionuclides are formed by the process of nucleosynthesis in stars and are 
characterized by half-lives comparable to the age of the earth. The most commonly 
encountered radionuclides are U and Th, their decay products and K. 
Knowledge about the distribution pattern of both anthropogenic and natural 
radionuclides is essential in maintaining some sense of control in prevailing radiation 
levels. 
4.2 Measurement of Natural Radioactivity Through Low level Gamma 
Ray Spectroscopy 
Experimental Technique 
Gamma ray spectrometric measurements were carried out at Inter-University 
Accelerator Centre, New Delhi using a coaxial n-type HPGe detector (EG«&G, 
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ORTEC, Oak Ridge, USA) for estimation of the natural radionuclides, Uranium 
(^ *^U), thorium (^^^h) and potassium (^ °K). Some details of the technique is 
described in Chapter II. The samples were crushed into fine powder by using Mortar 
and Pestle. Fine quality of the sample is obtained by using scientific sieve of 150 
micron-mesh size. Before measurements samples were oven dried at 110°C for 24h 
and the samples were then packed and sealed in an impermeable airtight PVC 
container to prevent the escape of radiogenic gases radon ( Rn) and thoron ( Rn). 
About 300g sample of each material was used for measurements. Before 
measurements, the containers were kept sealed about 4 weeks in order to reach 
equilibrium of the ^^ *U and ^^ T^h and their respective progenies. After attainment of 
secular equilibrium between U and Th and their decay products, the samples 
were subjected to high resolution gamma spectroscopic analysis. HPGe detector 
(EG&G, ORTEC, Oak Ridge, USA) having a resolution of 2.0 keV at 1332 keV and a 
relative efficiency of 20% was placed in 4" shield of lead bricks on all sides to reduce 
the background radiation from building materials and cosmic rays ( Kumar et, al; 
2001). The detector was coupled to a PC based 4K multi channel analyzer and an 
ADC for data acquisition. 
The calibration of the low background counting system was done with a 
secondary standard which was calibrated with the primary standard (RGU-1) obtained 
from the International Atomic Energy Agency (IAEA). The efficiency for the system 
was determined using secondary standard source of uranium ore in the same geometry 
as available for the sample counting. For activity measurements the samples were 
counted for a period of 72000 seconds. The activity concentration of *°K (CK) was 
measured directly by its own gamma ray of 1461 keV. As •^'^ U and •^'^ Th are not 
directly gamma emitters, their activity concentrations (Cu and CTH) were measured 
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through gamma rays of their decay products. Decay products taken for ^^ *U were 
^'"Pb: 295 and 352 keV and ^'"Bi: 609, 1120 and 1764 keV whereas for ^^ T^h were 
^^ *Ac : 338, 463, 911 and 968 keV, '^^ Bi : 727 keV, '^^ Pb : 238 keV and ^^ P^a : 
1001 keV gamma ray by assuming the decay series to be in equilibrium (Firestone 
and Shirely, 1998) Weighted averages of several decay products were used to 
estimate the activity concentrations of U and Th. The spectra were analyzed 
using the locally developed software "CANDLE" (Collection and Analysis of Nuclear 
Data using Linux Net work)". 
The net count rate under the most prominent photo peaks of radium and thorium 
daughter peaks are calculated from respective count rate after subtracting the 
background counts of the spectrum obtained for the same counting time. Then the 
activity of the radionuclide is calculated from the background subtracted area of 
prominent gamma ray energies. Gamma ray spectrum of one typical rock and soil 
samples are shown in Fig. 1-2. The concentration of uranium, thorium and potassium 
is calculated using the following equation: 
, . . , „ , . , . (5±o-)x 100x1000x100 Activity (Bq.kg ) = -^  \ (1) 
Where S is the net counts/sec (cps) under the photo peak of interest, a the standard 
deviation of S, E the counting efficiency (%), A the gamma abundance or 
branching intensity (%) of the radionuclide and W is the mass of the sample (Kg). 
The concentrations of Uranium, Thorium and Potassium are calculated using the 
following equation: 
Activity(Bq) =CPS x 100 x 100/B.I x Eff ± CPSerror x 100 x 100/ B.I x Eff (2) 
Where, CPS - Net count rate per second 
B.I. - Branching intensity, and 
E - Efficiency of the detector 
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4.3 Computation of Radiological Effects 
From the activity concentrations of the natural radionuclides, uranium C U), thorium 
(^ ^^ Th) and potassium (^K), radiological parameters can be calculated. The results are 
of great interest in the environmental radiological protection study, since the samples 
may widely be used as building construction materials. 
4.3.1 Radium equivalent activity (Rajq) 
Exposure to radiation is defined in terms of radium equivalent activity (Raeq) in Bq kg' 
to compare the specific activity of materials containing different amounts of U 
(^ *^Ra), ^ ^^ Th and ''°K. It is calculated by the following expression (Yu et al., 1992; 
Hayambu et al., 1995): 
Ra eq=Cu + 1.43 Cih + 0.07CK (3) 
Where Cu. Cn and CK are the activity concentrations of ^^ *U, ^ ^^ Th and "^ K in Bq kg"' 
respectively. In the above equation for defining Raeq activity it has been assumed that 
the same gamma dose rate is produced by 370 Bq kg' of U or 259 Bq kg' of Th 
or 4810 Bq kg'' of ""^ K. There will be variations in the radium equivalent activities of 
different materials and also within the same type of materials. The results may be 
important from the point of view of selecting suitable materials for use in building 
construction materials. 
4.3.2 Absorbed gamma dose rate measurement (D) 
Outdoor air absorbed dose rate D in nGy h"'due to terrestrial gamma rays at Im above 
the ground can be computed from the specific activities, Cu, Cih and CK of ^^ *U/^ ^^ Ra, 
^^ T^h and ''"K in Bq kg''' respectively by Monte Carlo method (UNSCEAR, 2000): 
D(nGyh'')= 0.462Cu + 0.604CTh+0.0417CK (4) 
To estimate the annual effective dose rate, E, the conversion coefficient from 
absorbed dose in air to effective dose (0.7 Sv Gy'') and outdoor occupancy factor 
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(0.2) proposed by UNCSEAR (2000) were used. The effective dose rate in units of 
mSv y'' was calculated by the following relation: 
E (mSv y'') = Dose rate (nGy h '^) x 8760 h xO.2 xO.7 Sv G/'xlO'^ (5) 
4.3.3 External (HeO^nd Internal ( Hjn) hazard index 
The external hazard index is obtained from Raeq expression through the supposition that 
its allowed maximum value (equal to unity) corresponds to the upper limit of Raeq (370 
Bq kg"^ ). For limiting the radiation dose from building materials in Germany to 1.5 
mGy y"' . Krieger (1981) proposed the following relation for Hex: 
C C C 
/ / „ = - ^ + ^ ^ + - ^ ^ < l (6) 
" 370 259 4810 
This criterion considers only the external exposure lisk due to y-rays and corresponds 
to maximum Raeq of 370 Bq kg"' for the material. These very conservative 
assumptions were later corrected and the maximum permission concentrations were 
increased by a factor of 2 (Keller and Muth, 1990) which gives 
C C C 
/ / „ = — ^ ^ ^ — r + — ^ ^ ^ ^ + — ^ — r ^ i (7) 
7405^*:^-' 5205^%-' 9620Bqkg-' 
Internal exposure to ^^ R^n and its radioactive progeny is controlled by the internal 
hazard index (Hin) as given below (Cotton, 1990). 
H i „ = - ^ + - ^ + - ^ < I (8) 
185 259 4810 
4.4. Estimation of Activity Concentration of Uranium, Thorium 
and Potassium in Mosaic Samples 
Mosaic slabs and mosaic pieces are commonly used as flooring material in the 
buildings. The state of Rajsthan produces wide variety of mosaic slabs. As the rocks 
have different and higher amount of natural radionuclides. In order to measure the 
natural radioactivity in mosaic slabs, different brands and colours of mosaic samples 
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were collected. These samples were collected in Jaipur, Kishangarh and Ajmer, 
situated in the state of Rajasthan of India. After collection the samples were crushed 
into fine powder. Fine quality of the sample were dried in an oven at about 110°C for 
24 hours. Each sample was packed and sealed in an airtight PVC container and kept 
for about 4 weeks period to allow radioactive equilibirium between the radon (^ ^^ Ra), 
Thoron (^ °^Ra), and their short-lived decay products. 
The gamma ray spectrum recorded with the spectrometer of a typical mosaic in shown 
in Fig. 4.1 
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Fig.4.1 gamma ray spectra of a mosaic samples 
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The activity concentration of ^^ *U and '^'^ Th and ''°K with their average values in 
mosaic samples are given in Table 4.1. 
Table 4.1 
Activity concentration of U, Th, and k, in Mosaic Samples 
Sample Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
M9 
MIO 
Mil 
M12 
M13 
M14 
M15 
Min 
Max 
Average value 
S.D 
(Bqkg') 
25.69 ± .97 
3.33 ±.018 
15.63 ±.29 
128.18 ±2.44 
21.18±.89 
29.71 ±1.10 
25.27 ±1.21 
18.36 ±.80 
25.92 ± .88 
29.99 ±1.17 
34.68 ±1.28 
22.27 ± 0.87 
19.36 ±1.49 
28.35 ±1.19 
32.13 ±1.26 
3.33±.18 
128.18±2.44 
30.67± 1.06 
28.06± 0.54 
(Bq kg-') 
23.45 ± .83 
6.25 ± .28 
27.09 ± .66 
51.69 ±1.42 
18.72 ±0.70 
33.87 ±1.08 
12.39 ±.35 
20.46 ± .86 
35.52 + 1.26 
2978 ±1.09 
15.89 ±0.64 
23.61 ±0.82 
BDL* 
20.37 ±0.76 
22.40 ± 0.85 
6.25± .28 
51.69±1.42 
24.39± .83 
11.13±.31 
""k 
(Bq kg') 
271.55 ±3.81 
0 
475.21 ±6.18 
833.67 ± 9.70 
0 
417-09 ±5.54 
252.53 ± 3.60 
51.95 ±.85 
327.82 ±4.51 
410.29 ±5.46 
217.52±3.15 
399.19 ±5.33 
0 
253.24 ± 373 
29].13±4.18 
0 
833.67±9.7 
270.29± 3.74 
226.95± 2.69 
BDL* Below detection limit 
The activity concentrations of ^^ *U and ^^ T^h varies from 3.33± 1.8 to 128.18± 2.44 
Bq kg-' with an average value of 30.67± 1.06 Bq kg"' and from 6.25±0.28 to 51.69± 
1.42 Bq kg-' with a mean value of 24.39±0.83 Bq kg'' respectively. ^\ in mosaic 
samples ranges from 0 to 833.67± 9.7 Bq kg"' with an average value of 270.29± 3.74 
Bq kg-'. To establish the correlation between ^^ *U and ^^ T^h activity concentration 
and Th and K activity concentrations in the mosaic samples, the plots are shown 
in Figs. 4.2 and 4.3. 
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A positive correlation exists between different quantities. Fig. 4.4 shows the variation 
of radon exhalation rate (data from chapter III) with their uranium concentrations for 
the mosaic samples. 
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Fig 4.4 Radon exhalation rate versus uranium concentration in mosaic samples 
There is a weak correlation between these quantities. It is worth mentioning that it is 
difficult to predict the radon exhalation rate from the concentration of uranium or its 
decay series products in a sample, since the radon exhalation rate depends also on the 
texture and grain size composition. 
Table 4.2 presents the radiation risk quantities obtained from ^^ *U, ^^ T^h and '*°K 
activity concentrations. 
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Table 4.2 
Radium equivalent activity, absorbed gamma dose rate, annual effective doses. External 
hazard index and internal hazard index in mosaic samples. 
Samples 
Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
M9 
MIO 
Mil 
M12 
M13 
MM 
M15 
Average 
value 
S.D 
R.S.D% 
Radium 
equivalent 
activity Raeq 
(Bq kg') 
78.23 
12.27 
87.63 
260.45 
47.95 
107.34 
60.66 
51.25 
99.66 
101.29 
72.63 
83.98 
19.36 
75.21 
84.54 
82.83 
56.50 
68.21 
Absorbed 
gamma dose 
rate D(nGy 
h') 
37.36 
5.31 
43.39 
125.20 
21.09 
51.58 
29.69 
23.00 
47.09 
48.95 
34.69 
41.19 
8.94 
35.96 
40.51 
39.59 
27.39 
69.18 
Annual effective dose 
(mSvy') 
Indoor 
0.18 
0.03 
0.21 
0.61 
0.10 
0.25 
0.15 
0.11 
0.23 
0.24 
0.17 
0.20 
0.04 
0.18 
0.19 
0.19 
.13 
68.42 
Outdoor 
0.05 
0.05 
0.05 
0.15 
0.03 
0.06 
0.04 
0.03 
0.06 
0.06 
0.04 
0.05 
0.01 
0.04 
0.05 
0.051 
.030 
58.82 
External 
Hazard 
Index (Hex) 
0.22 
0.03 
0.25 
0.71 
0.13 
0.29 
0.17 
0.14 
0.28 
0.28 
0.20 
0.23 
0.05 
0.21 
0.23 
0.23 
0.15 
65.22 
Internal 
Hazard 
Index 
(Hi„) 
0.29 
0.04 
0.29 
1.07 
0.19 
0.38 
0.24 
0.19 
0.35 
0.36 
0.33 
0.29 
0.10 
0.28 
0.32 
0.31 
0.23 
74.19 
Absorbed gamma dose rate varies from min. value of 5.31 nGy h'' to max. value 
125.20 nGy h''. The corresponding indoor and outdoor annual effective doses vary 
from 0.03 to 0.25 mSv y"' and 0.01 to 15 mSv y"'. The International Commission on 
Radiological Protection (ICRP) has recommended the annual effective dose 
equivalent limit of 1 mSv y"' for the individual members of the public and 20 mSv y ' 
for the radiation workers (ICRP, 1993). It is clear that radiation dose equivalent 
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observed for the mosaic are lower than the recommended value. The calculated values 
of Hex for mosaic samples vary from 0.03 to 0.71 (shown in fig 4.5). Since all these 
values are lower than unity, the mosaic is safe and can be used as a construction 
material without posing significant radiological threat to population. But according to 
conservative estimate as calculated from eq.(6) Hex is close to unity in some cases. 
Thus according to radiation protection 112 (European Commissions, 1999) report, 
care must be taken in using the mosaic as building material. 
I 
I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Sample number 
Fig 4.5 Bar diagram showing the values of external hazard index at locations 
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Fig 4.6 shows a frequency plot of IJ, Th, K activity concentration and absorbed 
dose rate in different samples. 
1000 
1 
I 
i 
B 
D 
600 
600-
400-
200-
i%'^ Q ^ ^ ^ Ait 
Fig 4.6 Bar diagram showing activity concentration of U, Th, and K and 
absorbed gamma dose rate in different samples 
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4.5 Measurement of Natural Radioactivity in Granite Samples 
Natural radioactivity in granite samples used as ornamental and flooring materials in 
building construction has been measured by low level gamma ray spectrometer 
discussed in previous section. Gamma ray spectra of one typical granite sample is 
shown in Fig, 4.7. 
Spectra of Granite 
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Energy(keV) 
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Fig 4.7 Spectra of a granite samples 
Measured '^'^ U, "^Th, and '**'K activity concentrations in the granite samples and 
computed Radium equivalent activity, absorbed gamma dose rate, annual effective 
doses, external hazard index and internal hazard index in granite samples are 
presented in Tables 4.3 and 4.4. 
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Table 4.3 
Activity concentration of "^U, "^Th, and ''"k, in granite Samples 
Sample Code 
Gl 
G2 
03 
04 
05 
06 
07 
08 
09 
GIO 
Oil 
012 
Min 
Max 
Average Value 
S.D 
''"U (Bqkg') 
12.01±.61 
267.76±3.83 
44.92+1.35 
35.80±1.47 
33.58±1.28 
32.02±1.37 
137.23±2.44 
21.34 ±.89 
26.88±1.17 
91.30± i.85 
24.59+ .98 
234.1913.46 
12.01±.61 
267.76± 3.83 
80.1411.73 
87.4011.01 
(Bq kg') 
8.931.37 
446.1515.53 
5.671.27 
5.881.18 
23.041.81 
14.041.58 
103.8712.25 
14.161.55 
10.731.47 
133.9312.66 
26.741.91 
325.5214.59 
5.6710.18 
446.1515.53 
93.2211.59 
145.0311.80 
40k 
(Bq kg-') 
140.9012.12 
3415.56126.59 
59.941.96 
138.2612.09 
396.95 1 5.29 
152.9912.29 
1553.04115.44 
236.2213.38 
226.1713.22 
1350.02113.96 
739.6718.82 
2812.62123.39 
59.941.96 
3415.56126.59 
935.1918.96 
1135.9418.87 
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Table 4.4 
Radium equivalent activity, absorbed gamma dose rate, annual effective doses, 
External hazard index and internal hazard index in granite samples. 
Samples 
Code 
Gl 
G2 
03 
G4 
G5 
G6 
07 
08 
09 
OlO 
Oil 
012 
Average 
Value 
S.D 
R.S.D% 
Radium 
equivalent 
activity Raeq 
(Bq kg') 
34.64 
1144.84 
57.22 
53.89 
94.31 
62.81 
394.48 
58.12 
58.06 
377.32 
114.61 
896.57 
278.91 
371.62 
133.24 
Absorbed 
gamma dose 
rate D(nGy 
h') 
16.82 
535.67 
26.68 
25.86 
45.98 
29.65 
190.89 
28.26 
28.33 
179.37 
58.36 
422.09 
132.33 
174.04 
131.52 
Annual effective dose 
(raSvy-') 
Indoor 
0.08 
2.63 
0.13 
0.13 
0.23 
0.15 
0.94 
0.14 
0.14 
0.88 
0.29 
2.07 
0.65 
0.85 
130.77 
Outdoor 
0.02 
0.66 
0.03 
0.03 
0.06 
0.04 
0.23 
0.03 
0.03 
0.22 
0.07 
0.52 
0.16 
0.21 
131.25 
External 
Hazard 
Index (He,) 
0.09 
3.16 
0.16 
0.15 
0.26 
0.17 
1.09 
0.16 
0.16 
1.04 
0.32 
2.47 
0.77 
1.03 
133.77 
Internal 
Hazard 
Index 
(Hi„) 
0.13 
3.88 
0.28 
0.24 
0.35 
0.26 
1.47 
0.22 
0.23 
1.29 
0.39 
3.11 
0.99 
1.26 
127.27 
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Activity concentrations were found to vary from 12.0 ± 0.61 to 267.76 ± 3.83 Bq kg' 
with an average value of for ^^ *U , from 5.67 ± 0.27 to 446.15 ± 5.53 Bq kg"' with an 
average value of 93.22 ± 1.59 for ^^ T^h and 59.94 ± .96 to 3415.56 ± 26.59 Bq kg' 
with an average value of 935.19 ± 8.96 for ''"K. The plots between ^^ U^ and ^^ T^h 
activity concentration and ^^ T^h and '*°K activity concentrations are shown in Figs. 4.8 
and 4.9. These establish the correlation between ^^ *U and ^^ T^h activity concentration 
and ^^ T^h and '*°K activity concentration in the granite samples. 
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Fig 4.8 Variation of ^^ *U activity concentration versus '^'^ Th activity in granite 
samples 
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Fig 4.9 Variation of *"K activity concentration versus "^ Th activity in granite 
samples 
A positive correlation exists between ^^ *U and ^^ T^h activity concentration and a 
negative correlation between ^^ T^h and '"'K activity concentration in the granite 
samples studied here. Fig 4.10 shows the variation of radon exhalation rate (data 
from chapter IIII) with ^^ *U activity concentration. There seems to be negative 
correlation between these quantities. 
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Fig 4.10 Radon exhalation rate versus uranium concentration in granite samples 
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Radium equivalent activity (Ragq) due to the presence of radio nuclides varies from 
34.64 to 1144.84 Bq kg"' with an average value of 278.91 Bq kg''. Total absorbed 
gamma dose rates in the surrounding air are found vary from 16.82 to 535.61 nGy h" 
with an average value of 132.33 nGy h"'. Fig 4.11 shows a frequency plot of the 
variation of U, Th, K and absorbed dose rate in these granite samples. 
10 11 12 
Fig 4.11 Bar diagram sliowing activity concentration of "*U, "^Th, and ^"K and 
absorbed gamma dose rate in different samples 
Indoor and outdoor annual effective dose rate from these granite samples vary 
from 0.08 to 2.63 mSv y'' and 0.02 to 0.66 mSv y"' respectively. External hazard 
index, Hex for the granite samples studied in this work ranges from 0.09 to 3.16 with a 
mean value of 0.77. The internal exposure to ^^ R^n and its radioactive progeny is 
controlled by the internal hazard index lli,,. Computed values of 11,,, vary from 0.15 to 
4.76 with an average value of 0.99. since most of the values of Hex are less than unity 
except four' granite samples 02, 07, OlO, 012 showing higher values than 
unity(shown in Fig 4.12). The use of these granite as construction material can be 
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done without posing significant radiological threat. But care should be taken in the 
use of any granite slab. 
Fig 4.12 Bar diagram showing the values of external hazard index 
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4.6 Measurement of Natural Radioactivity in Soil Samples from near 
Jharkhand U-mines region 
The natural radioactivity in soil comes from ^^ *U, ^ ^^ Th and from natural '*°K. Some 
other terrestrial radionuclides, including those of the ^^ U^ series, The radiological 
implication of these radionuclides is due to the gamma ray exposure of the body and 
irradiation of lung tissue from inhalation of radon and its daughters. Therefore, the 
assessment of gamma radiation dose from natural sources is of particular importance 
in addition to radon measurements. 
Jharkhand state of India is rich in minerals and there are huge deposits of bauxite, 
mica and coal along with iron, copper, chromites, tungsten, lime stone, feldspar and 
quartz etc. along with deposits of uranium. Naturally occurring radionuclides of 
terrestrial origin ( U, Th and K) are present in the earth's crust and are found in 
almost all types of soil, rocks, sands and waters. The measurement of natural 
radionuclides ( U, Th and K) activities is important for the estimation of 
radiation risk and has been the subject of interest of research scientists all over the 
world. As the soil is the basic ingredient used in construction materials in India in the 
formation of bricks etc., estimation of the radiation risk from the soil samples to the 
population is quite important and can be computed from the activities of the radio-
nuclides present in the sample. In the present study natural radio nuclides ("^U, ^ ^^ Th 
and K) concentration from the soil samples from some areas around the East 
Singhbhum shear zone U-mining area of Jharkhand state of India are measured using 
high resolution y -ray spectroscopic system for the estimation of effective radiation 
dose to assess the radiation risk to the inhabitants. Natural radionuclides (^ ^^ U, ^^ T^h 
and K) activity concentrations are given in Table 4.5. Radium equivalent activity. 
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absorbed gamma dose rate, annual effective dose rate, external hazard index and 
internal hazard index for the soil samples are presented in Table 4.6. 
Table 4.5 
Activity concentrations of ^U, "^Th and ^"K in soil samples collected from East 
Singhbhum shear zone U-mining area of Jharkhand state of India 
Sample code 
JS-1 
JS-7 
JS-12 
JS-I3 
JS-17 
JS-19 
JS-21 
JS-22 
JS-23 
JS-24 
JS-25 
JS-26 
Location of 
Samples 
Near Jaduguda 
U-mine 
Gamaharia 
main Market 
Tata Swam 
Rakha River 
Chanduka 
Mines 
Tata outer-I 
Tata Telco 
B-Block 
Bokaro 
Bokaro Stone 
Mines 
River Side 
Bokaro 
Sector IX-D 
Bokaro 
Sector IX-C 
Bokaro 
Sector IX-
Bokaro 
^^U ( Bq 
kg-') 
826.3 ± 8.5 
40.9 ±1.6 
6.1 ±0.2 
21.6 ±0.4 
61.4±1.1 
273.2 ±3.1 
61.1 ±0.8 
26.7 ±0.6 
19.8 ±0.5 
18.3 ±0.3 
12.5 ±0.3 
61.2 ±0.9 
"^Th (Bq 
kg-*) 
53.0 ± 2.2 
17.9 ±1.6 
24.1 ±0.8 
8.7 ±0.3 
130.6 ±2.6 
236.7 ±3.2 
73.2 ±1.5 
19.5 ±0.5 
,35.5 ±0.9 
40.1 ±0.5 
12.3 ±0.6 
122.4 ±2.1 
^"K(Bq 
kg-*) 
291.5 ±4.4 
349.5 ± 5.0 
401.3 ±5.4 
BDL 
757.8 ±10.1 
710.7 ±9.2 
1399.1 ±14.3 
626.1 ±7.7 
901.0 ±9.9 
981.3 ±10.9 
304.4 ±4.1 
941.9 ±10.6 
No. ofsa 
Max. 
14.3 
Min. 
Average 
7.6 
mples 
Standard deviation 
3.8 
12 
826.3 ± 8.5 
6.1 ±0.2 
119.1 ±1.5 
224.0 ± 2.2 
236.7 ±3.2 
8.7 ± 0.3 
64.5 ±1.4 
64.9 ± 0.9 
1399.1 
BDL 
638.7 ± 
371.5 ± 
*BDL- Below Detection Limit. 
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Table 4.6 
Radium equivalent activity, absorbed gamma dose rate, indoor and outdoor 
effective dose rates, external and internal hazard Index in soil samples collected 
from around the East Singhbhum shear zone and U-mining area of Jharkhand 
state, India 
Sample 
code 
JS-I 
JS-7 
JS-12 
JS-13 
JS-17 
JS-19 
JS-21 
JS-22 
JS-23 
JS-24 
JS-25 
JS-26 
Average 
Value 
S.D. 
Rel.Std.% 
Radium 
equivalent 
activity 
(Raeq) 
Bqkg' 
922.5 
91.0 
68.7 
34.0 
301.2 
661.4 
263.7 
98.4 
133.6 
144.3 
51.4 
302.2 
256.0 
261.2 
102.0 
Absorbed 
gamma 
dose rate 
(D) 
nGy h' 
425.9 
44.3 
34.1 
15.2 
138.8 
298.8 
130.8 
50.2 
68.2 
73.6 
25.9 
141.5 
120.6 
118.7 
98.4 
Inddor 
effective 
dose rate 
(mSvy') 
2.08 
0.21 
0.17 
0.07 
0.68 
1.46 
0.64 
0.25 
0.33 
0.33 
0.13 
0.69 
0.59 
0.58 
98.3 
Outdoor 
effective 
dose rate 
(mSvy-^) 
0.52 
0.05 
0.04 
0.02 
0.17 
0.37 
0.16 
0.06 
0.08 
0.09 
0.03 
0.17 
0.15 
0.15 
100 
External 
Hazard 
Index 
(Hex) 
2.46 
0.24 
0.18 
0.09 
0.83 
1.80 
0.74 
0.28 
0.38 
0.40 
0.14 
0.83 
0.70 
0.70 
100 
Internal 
Hazard 
Index 
(Hi„) 
4.76 
0.35 
0.20 
0.15 
0.99 
2.56 
0.90 
0.35 
0.44 
0.44 
0.18 
0.18 
0.96 
1.31 
136.1 
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Gamma ray spectra of one typical soil sample is shown in Fig 4.13 
Spectra of soil samples 
•1.1 328.8 (i58.7 988.6 1318.5 1648.4 1978J 2308.1 
Energy (keV) 
Fig. 4.13 Spectra of the soil samples from East Singhbhum shear zone U-mining area 
of Jharkhand state of India. The legends are: Ra-226 (V), Pb-214 (•), Bi-214(4) 
Activity concentration was found to vary from 6.1 ± 0.2 to 826.3 ± 8.5 Bq kg"' with an 
average value of 119.1 ± 1.5 Bq kg' for ^^ *U, from 8.7 ± 0.3 to 236.7 ± 3.2 Bq kg"' with an 
average value of 64.5 ± 1.4 Bq kg"' for ^^ T^h and 291.5 ± 4.4 to 1391 ± 14.3 Bq kg"' with 
an average value of 638.7 ± 7.6 Bq kg"' for ""K. The variation of "*U with ^^ T^h activity 
concentration and ^^ T^h with ''"K activity concentrations in the soil samples of the present 
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study as shown in Figs, 4.14 & 4.15. There seems to be weak correlation between them . 
Fig 4.16 shows the variation of radon exhalation rate (data from chapter 111) with ^^ U^ 
activity concentration. A positive correlation exists between different quantities. 
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Fig 4.14 Variation of ^^ U activity concentration versus '^'^ Th activity in granite 
samples 
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Fig 4.15 Variation of **K activity concentration versus "^ Th activity in granite 
samples 
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Fig 4.16 Radon exhalation rate versus uranium concentration in granite samples 
Radium equivalent activity (Raeq) due to the presence of radionuclides is calculated 
and varies from 34.0 to 922.5 Bq kg"' with an average value of 256.0 Bq kg"'. Total 
absorbed gamma dose rates in the surroundings air are found to vary from 15.2 to 425.9 
nGy h'' with an average value of 120.6 nGy h"'. Fig. 4.17 shows a plot of the variation of 
238y^  232jj^ ^ 40j^  ^^^ absorbed dose rate in these soil samples. 
Fig 4.17 Bar diagram showing activity concentration of ^^ *U, "^Th, and '"'K and 
absorbed gamma dose rate in different samples 
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Indoor and outdoor annual effective dose rate from these soil samples vary from 0.07 
to 2.08 mSv y'' and 0.02 to 0.52 mSv y' respectively. External hazard index, Hex for the 
soil samples studied in this work, ranges from 0.09 to 2.46 with mean a value of 0.70 
(shown in fig 4.18). 
1 2 3 4 5 6 7 8 9 10 11 12 
Sample number 
Fig 4.18 Bar diagram showing the values of external hazard index at locations 
The internal exposure due to ^^ R^n and its radioactive progeny,is controlled by 
the internal hazard index Hjnand Hjn varies from 0.15 to 4.76 with an average value 
of 0.96. Most of the values of Hex are less than unity except two soil samples JS-1 
and JS-19 showing higher values than unity (shown in fig 4.18). 
4.7 Natural Radioactivity in soil samples Collected from the distance of 
50m from Kasimpur Thermal Power Plant 
Natural radioactivity measurements were carried out in soil samples, collected from a 
distance of 50 m from Kasimpur thermal power plant to investigate the effect of fly 
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ash spreading from the thermal power plant through air and its deposition on soil. The 
gamma ray spectra of a typical soil sample is shown in Fig 4.19. . 
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I 
u 
Id 
Id 
Id 
Id 
Id 
. Th-232 
7 K-40 
ADC-OIS 
•9 
^ 
"•Himly 
Islai-kers 
I I ! JSl . i -
125 542.75 
\}\ 1460 J5 
Id 
299.8 464.4 629.0 793.7 9583 1122.9 1287.5 14S2J 
Energy (kcV) 
Fig 4.19 gamma ray spectra of a soil sample 
Tables 4.7 and 4.8 present the measured values of activity concentration of '^"'U, 
Th, and K and the computed values of radium equivalent activity, absorbed 
gamma dose rate, annual effective dose, external hazard index and internal hazard 
index in soil samples. 
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Table 4.7 
Activity concentration of ""U, "^Th, and "^K in soil samples from a distance of 50 
m from Kasimpur thermal power plant 
Sample Code 
SI 
S2 
S3 
S4 
S5 
86 
S7 
S8 
89 
810 
SIl 
Min 
Max 
Average Value 
S.D 
(Bqkg-') 
58.19±1.37 
53.821.83 
71.2411.61 
241.5513.39 
63.4411.44 
79.85+1.64 
24.821.68 
67.2711.51 
43.3211.08 
43.3111.13 
47.32 + 1.21 
24.82+68 
241.5513.39 
72.1911.44 
58.231.71 
(Bq kg ') 
62.8311.60 
75.89+1.82 
79.56+1.92 
97.2212.16 
73.281 1.80 
92.6612.13 
37.9711.30 
69.08 11.73 
63.0911.65 
50.61+1.39 
54.6711.49 
37.97+1.3 
97.2212.16 
68.8111.73 
17.641.28 
(Bq kg-') 
468.4816.09 
604.0217.51 
501.4916.46 
501.4916.45 
707.31 18.51 
545.9016.92 
99.7311.53 
536.4916.82 
501.4516.44 
519.71 +6.64 
710.72+8.56 
99.73 + 1.53 
710.72 18.56 
517.8916.54 
161.1611.86 
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Table 4.8 
Radium equivalent activity, absorbed gamma dose rate,annual effective doses. 
External hazard index and internal hazard index in soil samples. 
Samples 
Code 
SI 
S2 
S3 
S4 
S5 
S6 
87 
S8 
S9 
SIO 
Sll 
Average 
value 
S.D 
R.S.D% 
Radium 
equivalent 
activity Raeq 
(Bq kg") 
180.83 
204.62 
220.12 
415.68 
217.74 
250.57 
86.09 
203.61 
168.64 
152.06 
175.25 
206.84 
81.58 
39.44 
Absorbed 
gamma dose 
rate D(nGyh"') 
84.37 
95.89 
101.88 
191.23 
103.07 
115.62 
38.56 
95.17 
79.03 
72.25 
84.52 
96.51 
37.36 
38.71 
Annual effective dose 
(mSvy-') 
Indoor 
0.41 
0.47 
0.49 
0.94 
0.51 
0.57 
0.19 
0.47 
0.39 
0.35 
0.41 
0.47 
0.18 
38.29 
Outdoor 
0.10 
0.12 
0.12 
0.23 
0.13 
0.14 
0.50 
0.12 
0.09 
0.09 
0.10 
0.12 
0.04 
33.33 
External 
Hazard 
Index (Hex) 
0.49 
0.56 
0.60 
1.13 
0.60 
0.69 
0.23 
0.56 
0.46 
0.42 
0.49 
0.57 
0.22 
38.59 
Internal 
Hazard 
Index 
(Hi„) 
0.65 
0.71 
0.79 
1.79 
0.78 
0.09 
0.30 
0.74 
0.58 
0.54 
0.61 
0.76 
0.38 
50 
Activity concentrations were found to vary from 24.82 ± 0.68 to 241.55 ± 3.39 Bq kg" 
' with an average value of 72.19 ± 1.44 Bq kg' for "*U, from 37.97 ± 1.3 to 97.22 
±2.16 Bq kg"' with an average value of 68.81 ± 1.73 Bq kg"' for "^Th and 99.73 ± 
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1.53 to 710.72 ± 8.56 Bq kg'' with an average value of 517.89 ± 6.54 Bq kg'" for 
'"'K. The correlation between ^^ *U and "^Th activity concentration and ^^ T^h and ^°K 
activity concentrations in the soil samples of the present study are shown in the 
graphs are shown in the Figs. 4.20 & 4.21. 
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Fig 4.20 Variation of ^*U activity concentration versus '^'^ Th activity in soil 
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Weak correlation is found to exist between different quantities. Fig 4.22 shows the 
variation of radon exhalation rate(data from chapter III) with ^^ *U activity 
concentration. 
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Fig 4.22 Radon exhalation rate versus uranium concentration in soil samples 
There seems to be weak correlation between them. From Table 4.8 it can be observed 
that radium equivalent activity (Raeq) due to the presence of radio nuclides varies 
from 86.09 to 415.68 Bq kg'' with an average value of 206.84 Bq kg"'. Total absorbed 
gamma dose rates in the surrounding air are found to vary from 38.56 to 191.23 nGy 
h"' with an average value of 96.51 nGy h"'. Fig. 4.23 shows the frequency plot of the 
variation of U, Th, K and absorbed dose rate in these soil samples. Indoor and 
outdoor annual effective dose rate from these soil samples changes from 0.19 to 0.94 
mSv y'' and 0.05 to 0.23 mSv y'' respectively. External hazard index, Hex for the soil 
samples studied in this work range from 0.23 to 1.13 with mean a value of 0.57. 
Internal hazard index Hin varies from 0.3 to 1.79 with an average value of 0.76. Since 
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most of these values of Hex are less than unity except one soil samples S-4 showing 
higher value than unity(shown in Fig 4.24), the use of soil from this region can be 
used as construction material without posing significant radiological threat to 
population. 
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Fig 4.23 Bar diagram showing activity concentration of ^^ *U, ^^ T^h, and ^"K and 
absorbed gamma dose rate in different samples 
Fig 4.24 Bar diagram showing the values of external hazard index at locations 
156 
4.8 Measurement of Natural Radioactivity in Fly Ash Samples from 
Kasimpur Thermal Power Plant 
In recent years fly ash has been used as a replacement of sand and cement in pre 
mixed concrete, manufacture of blended fly ash Portland cement, aerated concerete, 
fly ash clay bricks and blocks and for filling for underground cavities etc. Thus it is 
quite important to estimate the radiation risk to the population from the radioactivity 
of fly ash. Fly ash samples were ollected from Kasimpur thermal power plant. The 
gamma ray spectra of a fly ash sample is shown in Fig 4.25. 
Spectra of kas impur Fly asli 
s o 
Id 
Id 
Id 
Id 
Id 
Id 
299.» 464A 629.0 793.7 958J 1122.9 1287.5 1452.1 
Energy (keV) 
Fig 4.25 Spectra of fly ash samples 
Mark(!i-s 
a . J i l 7; 
The activity concentration of U, Th and K together with their average values in 
fly ash samples collected from Kasimpur Thermal Power Plant (U.P) are given in 
Table 4.9. Computed values of radium equivalent activity, absorbed gamma dose 
rate, annual effective doses, external hazard index and internal hazard index in fly ash 
samples are given in Table 4.10. 
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Table 4.9 
4U, Activity concentration of U, Tli, and K in Hy asli Samples 
Sample Code 
KFI-
KF2 
KF3 
KF4 
KF5 
KF6 
KF7 
KF8 
KF9 
KFIO 
Min 
Max 
Average Value 
S.D 
""U (Bq kg-') 
I12.66±2.I5 
93.15±1.84 
112.27+2.18 
61.45+1.37 
108.17+2.09 
104.83 ±2.04 
90.98±1.23 
110.62+2.10 
105.98±2.06 
106.45+2.12 
61.45 ±1.23 
112.66±2.18 
100.66+1.92 
I5.64+.34 
(Bq kg-') 
109.01±2.33 
99.8812.21 
106.85±2.29 
68.04+1.70 
102.31 ±2.23 
108.26+2.32 
97.26+1.61 
107.05+2.27 
102.62+2.23 
117.08+2.49 
68.04 ±1.61 
117.08+2.49 
101.84+2.17 
13.10+ .28 
^"k 
(Bq kg-') 
520.03±6.63 
437.96±5.73 
467.52±6.08 
236.06±3.39 
492.19+6.37 
519.99+6.65 
444.29±5.84 
510.09 ±6.54 
489.59 + 6.33 
493.08+6.36 
236.06 ±3.39 
520.03 ±6.65 
461.08+5.99 
84.09 ±.97 
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Table 4.10 
Radium equivalent activity, Absorbed gamma dose rate, Annual effective doses, 
External hazard index and Internal hazard index in fly ash samples. 
Samples 
Code 
KFl 
KF2 
KF3 
KF4 
KF5 
KF6 
KF7 
KF8 
KF9 
KFIO 
Average 
Value 
S.D 
R.S.D% 
Radium 
equivalent 
activity Raeq 
(Bq kg-') 
304.95 
266.64 
297.79 
175.27 
288.93 
296.04 
261.16 
299.41 
286.99 
308.39 
278.56 
39.42 
14.15 
Absorbed 
gamma dose 
rate D(nGy h') 
139.58 
121.63 
135.90 
79.33 
132.29 
135.50 
119.30 
137.04 
131.36 
140.46 
127.24 
18.25 
14.34 
Annual effective dose 
(mSv y') 
Indoor 
0.68 
0.59 
0.67 
0.39 
0.65 
0.66 
0.59 
0.67 
0.64 
0.69 
0.62 
0.09 
14.52 
Outdoor 
0.17 
0.15 
0.17 
0.09 
0.16 
0.17 
0.15 
0.17 
0.16 
0.17 
0.16 
0.02 
12.5 
External 
Hazard 
Index (Hex) 
0.83 
0.37 
0.81 
0.48 
0.79 
0.8' 
0.71 
0.82 
0.78 
0.84 
0.76 
0.11 
14.47 
Internal 
Hazard 
Index 
(Hi„) 
1.14 
0.98 
1.12 
0.64 
1.08 
0.81 
0.96 
1.12 
1.07 
1.13 
1.01 
0.16 
15.84 
238 232n The activity concentration of U and Th varies from 61.45± 1.37 Bq kg to 
112.66± 2.15 Bq kg"' with an average value of 100.66± 1.92 and from 68.04 ±1.70 
Bq kg"' to 117.08± 2.49 Bq kg"' with a mean value of 101.84± 2.17 Bqkg"' 
respectively. ''°K in fly ash samples ranges from 236.06± 3.39 Bq kg"' to 520.03±6.63 
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Bq kg'' with an average value of 461.08± 5.99 Bq kg'. Figure 4.26 shows the 
variation of radon exhalation rate(data from chapter III) with^ ^^ U activity 
concentration. There seems to be positive correlation between them. It is worth 
mentioning that it is difficult to predict the radon exhalation rate from the 
concentration of uranium or its decay series products in a sample. Since the radon 
exhalation rate depends also on the texture and grain size composition. To establish 
the correlation between ^^ U^ and ^^ T^h activity concentration and ^^ T^h and '^ ''K 
activity concentrations in the fly ash samples of the present study, the values are 
plotted as shown in Figs. 4.27 & 4.28. 
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Fig 4.26 Radon exhalation rate versus uranium concentration in fly ash samples 
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Calculated values of radium equivalent activity (Racq) varies from 175.27 Bq kg"' 
to 308.39 Bq kg'' with an average value of 278.56 Bq kg"' . Total absorbed gamma 
dose rates are found to vary from 79.33 nGy h"' to 140.46 nGy h' with an average 
value of 127.24 nGy h"' as shown in Table 4.10. Fig 4.29 shows a plot of the ^^ U^, 
^^ T^h and ''"K activity concentration and absorbed dose rate in these fly ash samples. 
600 
3 4 5 6 7 
Number of samples 
Fig 4.29 Bar diagram showing activity concentration of "*U, "^Th, and ""K and 
absorbed gamma dose rate in different samples 
Indoor and outdoor annual effective dose rate from these fly ash 
samples are determined from 0 .39 mSv y"' to 0.69 mSv y"' and 0.09 mSv y"' to 0.17 
mSv y'' respectively. Computed values of Hjn vary from 0.64 to 1.14 with an average 
value of 1.01. External hazard index, Hex for the soil samples studied in this work 
range from 0.48 to 0.84 with a mean value of 0.76. since most of the values are less 
than unity (shown in Fig. 4.30), the fly ash may be safe to be used as a construction 
material without posing any radiological implications. But according to conservative 
estimate as calculated from eq. Hex is close to unity . thus according to radiation 
protection 112 (European Commissions, 1999), report care must be taken in using the 
fly ash as building material. 
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Fig 4.30 Bar diagram sliowing tlie values of external hazard index at locations 
Health risks are especially high in the area downward of the power plant. Being very 
minute, fly ash particles may tend to remain airborne for long periods leading to 
serious health problems as the airborne ash can enter the lungs through inhalation and 
may stick to lung tissues. Due to higher radon emanating power the lung tissues may 
be irradiated with a- particles from radon progeny to a high degree, increasing the 
possibility of lung cancer. These radionuclides in the fly ash may migrate from the 
waste disposal site to the underlying ground water body and may also accumulate in 
the top soil giving sufficient chances for the radionuclides to become enriched in soil. 
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CHAPTER-V 
Measurements of Radon, Thoron and their Progny in dwellings 
5.1 Introduction 
The behavior of ubiquitous radon and its progeny in the indoor atmosphere generally 
reflects a complex interplay between a number of processes, the most important of 
which are radioactive a- decay, ventilation, attachment to aerosols and deposition on 
the surfaces. Indoor Rn exposure depends in a complex way on the characteristics of 
the soil, the type and details of the building structure, meteorology, ventilation 
conditions and occupant behavior. The measurements of time integrated concentration 
of indoor radon and its daughters are important since indoor radon and its progeny is 
responsible for more than half of the total yearly radiation dose to human beings. 
Study of radon and its progeny in air is indispensable, as these deliver the highest 
radiation dose to human beings among all natural radioactive sources. It has been 
estimated that inhalation of short-lived radon progeny accounts for more than half of 
the effective dose from natural sources (UNSCEAR, 1993). Airborne concentrations 
of radon and its progeny vary from time to time, depending upon the meteorological 
conditions, such as temperature, relative humidity, wind speed, rainfall etc. Among all 
sources of background radiation that deliver significant doses to the tissues or cells of 
respiratory tract. The inhaled radon progeny are dominant and is about 55% of the 
total doses. There is increasing concern about exposure to radon and its progeny due 
to their detrimental effects on the health of inhabitants (Durrani, 1993). For an 
individual person exposed to radon gas for a long time, there is, from medical point of 
view, an increase in the risk for growth of a lung cancer (ICRP, 1987), although low 
dose radiation lower the risk of cancer (Toth et al., 1998 ). The earth's crust contains 
trace amounts of ^*U and ^^ T^h which decay to ^^ R^n and ^^ °Rn respectively. The 
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radon gas molecules can migrate into the atmosphere from the ground through cracks 
and fissures via transport mechanism (diffusion, fluid convection). Radon enters 
living area mainly through floor from subsoil and building materials and starts 
accumulating in poorly ventilated dwellings. So, concentration of radon and its 
progeny are usually higher in indoor air than in outdoor air. The seventh generation 
decay product of Uranium, radon, in indoor environment, contributes some what more 
than one half of the collective dose received by human population from all sources of 
exposure. Precisely, out of 98% of average radiation dose received by man from 
natural sources, about 52% is due to breathing of radon, thoron and their progeny 
present in the dwellings (UNSCEAR,1988). Concentrations of radon and its decay 
products in the indoor air of a room depend on their input rates into the air and the 
rates at which they are removed from the air. Exposure of indoor radon levels is 
significantly influenced by factors like topography, house construction, soil 
characteristics, weather and even the life-style of the dwellers. The main contributions 
of indoor radon are: (i) diffusion from building elements, 21%; (ii) diffusion from 
subjacent earth, 15%; (iii) advection from subjacent earth, 41%; (iv) infiltration by 
outdoor air, 20% (v) de-emanation from water supply, 2% (vi) consumption of natural 
gas, l%i. There has been increasing interest in indoor radioactivity measurements 
motivated by the concern about the possible consequences of long time exposure to 
higher concentrations of ^^ R^n and ^^ °Rn and their progeny (Subba Ramu et al., 1991). 
While indoor radon exposure has received wide public attention vis-a-vis lung cancer 
risk due to inhalation, not much information is known about the levels and risk 
associated with thoron (^ °^Rn) in indoor air because of its short half life. However, 
half-lives of its daughter products '^^ Pb (10.6h) and '^^ Bi (60. 6 min.) are comparable 
with biological elimination rate. The inhalation lung dose is relatively smaller than 
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that from radon progeny. Radiation exposure due to inlialation of thoron progeny is 
estimated to be of the order of 10-20% compared with short-lived radon progeny 
(Nambi,1994). Environmental radiation is ubiquitous and all these years living beings 
have been exposed to such environment. Exposure to radon and its progeny is known 
to contribute the largest fraction to collective dose. In some places presence of higher 
values of thorium contributes to significant levels of thoron and its progeny. 
Generally, living standards are related to the industrial developments. Some of the 
industries contribute radiation pollution to the environment and uranium mining is 
such an activity. 
Radon contributes to a large part of the radiation exposure to the general public 
(Metters, 1992) and it might produce lung cancer if inlialed in high concentration for 
long period (ICRP 65, 1993; Lubin and Boice, 1997; BIER VI, 1999). This high 
exposure level may be harmful for people residing in the region. 
5.2 Action Level Limits 
The radon concentration at which the measures would need to be undertaken to 
reduce radon exposure is known as the action level. 
The action level for radon in the work place is given in IAEA report- 2003 as an 
yearly average concentration of lOOOBq m'^  which would, for an assumed occupancy 
of 2000 hours per year, equate to an effective dose of about 6 mSv. This value of 
1000 Bq m"^  is at the midpoint of the range 500-1500 Bqm'^  recommended by the 
International Commission of Radiological Protection (ICRP), and some regulatory 
bodies may wish to adopt a lower level than was specified in IAEA report, 2003. It 
should be noted that the range of values given by the ICRP was based on an assumed 
equilibrium factor of 0.4 between radon and its progeny. 
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There is a practical advantage for adopting a single value for the action level which 
may be applied in all situations, irrespective of the equilibrium factor. Nevertheless, 
although not explicitly stated in IAEA report, 2003, other action levels may be 
appropriate if the equilibrium factor is significantly different from 0.4. For example, if 
the actual equilibrium factor is 0.8, then in theory at least a value for the action level 
of 500 Bq m'"' might be appropriate. 
Nevertheless, this action level for radon in workplaces does not mark a boundary 
between 'safe' and 'unsafe' exposures. Unless the exposure is excluded or the 
practice or the source is exempted, regulatory bodies are free to establish an 
occupational action level below 1000 Bq m"^  if national circumstances make this 
practicable. 
5.3 Indoor Radon and its Progeny 
Among many surveys carried out for radon studies the largest and most recent of 
these was an international study led by the National Cancer Institute (NCI), USA 
which examined the data on 68,000 underground miners who were exposed to a wide 
range of radon levels. The study on miners shows the probability of death due to lung 
cancer five times more than expected for the general population. Several surveys 
performed in Europe and North America (Samet et al., 1989; McGregor et al, 1980; 
Swedjemark et al, 1984; Nero et al., 1986; Cohen et al, 1985) revealed that some 
countries have high radon concentration in many of their dwellings. It has been well 
recognized all over the world that high radon concentration in the houses may pose a 
significant risk of lung cancer to the people living there. Studies form all over the 
world show that a well planned and systematic measurement of indoor radon 
concentration is necessary to calculate the actual dose due to exposure of indoor radon 
concentration. 
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Experimental Details 
With the growth of solid state nuclear track detectors (SSNTD's) into a powerful 
experimental tool in the detection and measurement of charged particle radiation, it 
has now become an important detection technique to measure radon and its progeny 
in the environment. The passive time integrated method of using a solid state nuclear 
track detector was employed for measuring the potential alpha energy concentration 
(PAEC) of radon daughters in working level(WL) units. Strips of Kadak Pathe LR-
US type II film were used as the detector in "BARE MODE". 
The pieces of the detector film of size 2 cm x 2 cm fixed on a thick flat card 
were exposed in bare mode, shown in Fig.5.1 by hanging the cards on the wall in the 
dwellings for a period of 90 days such that the detector viewed a hemisphere of radius 
at least 6.9 cm, the range of ^'''Po a- particles in the air. 
2 X 2 c m 
L R - 1 1 5 Type II Plastic TrackDetector 
Fig 5.1 Bare mode Technique 
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No surface should be close to this range as the decay products deposited on it would 
act as an additional alpha particle source including a larger error in the measurements. 
The track density registered in the detector will, therefore, be a function of radon 
progeny concentration in air. The radon concentration in Bq m'^  was estimated by 
using the relation. 
R„C(Bqm )= (1) 
F 
Where F is known as the equilibrium factor, our group's measurements for the 
equilibirium factor F for radon at different places carried out earlier (Khan, et al., 
1995) gave its mean value as 0.37. Subba Ramu et al.(1990) measured its value in a 
large number of Indian dwellings varying from 0.38 to 0.70 with an average value of 
0.43. Recently Virk and Sharma (2000) have reported the value of 0.390. Thus we 
have taken 0.45 as the value of F for finding the radon concentration(RnC). To know 
the potential Alpha energy concentration (PAEC) of radon progeny in mWL it is 
essential to calibrate the LR-115 type II detector films with a known radon 
concentration under almost similar conditions to those which prevail in Indian 
dwellings. For this purpose, the detectors were calibrated in a radon exposure 
chamber at the facility available in Environmental assessment division of Bhabha 
Atomic Research Centre, Mumbai (Jojo et al., 1994). The mean calibration factor for 
LR-115 type II detector was found to be 442 tracks, cm"^  d'' per WL. 
5.3.1 Measurement of Indoor Radon and its Progeny In Dwellings around 
Kasimpur Thermal Power Plant 
Kasimpur has a big coal fired thermal power plant. Large quantity of coal consumed 
by coal-fired power plants is likely to increase the quantity of radon in the 
surroundings and in neighboring regions as subsequent emission of fly ash to the 
environment can cause enhancement in the ambient radiation levels. This increase 
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may be due to the fact that coal contains uranium and radon is a member of uranium 
decay series. 
In the present study radon dosimeters containing LR-115 type II detector films 
in bare mode were placed in 30 rooms in the dwellings around Kasimpur Thermal 
Power Plant. Films (LR-15 type II) were exposed in the living room, bed rooms, 
kitchens, store rooms, verandahs and Bathrooms etc. for 90 days. After exposure, the 
detectors were collected and brought back to the laboratory for analyses. The exposed 
films were etched in 2.5 NaOH solution at 60°C for 90 min in a constant temperature 
water bath. The counting of alpha tracks was done using a binocular optical research 
microscope with a magnification of 400x. At least 300-400 tracks were counted in 
each detector film to keep the statistical error of counting to a minimum. 
Results and Discussion 
Table 5.1 presents the measured PAEC values of radon daughters in mWL units, 
radon concentration in Bq m'^  and annual effective dose equivalents in mSv y"'. The 
radiation doses to the basal layer of epithelium are estimated in terms of the effective 
dose equivalents using the conversion factor of 9mSv/WLM suggested by ICRP-65. 
The measured radon concentration in the dwellings of Kasimpur Thermal 
power plant varies from 56.2 Bq m'"' to 241.4 Bq m"^  with an average value of 
(' 
150.24 Bq m"''. The radon activity may vary with the ventilation conditions, type of 
construction materials and other factors. Annual effective dose equivalent in the 
/ 
dwelling around Kasimpur Thermal Power Plant varies from 2.1 mSv y"' to 9.2 mSv 
y" with an average value of 5.71 mSv y"' . Kitchen shows the maximum radon 
concentration . This may be due to the contribution of radon from fuels (gas, kerosene 
etc.) and water. Courtyard is fairly ventilated and thus gives minimum value of radon. 
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Table 5.1 
Indoor radon levels in dwellings of Kasimpur thermal power Plant 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Location 
Bedroom 
Store room 
Varandah 
Kitchen 
Drawing room 
Bed room 
Bath room 
Courtyard 
Store room 
Study room 
Drawing room 
Worship room 
Bed room 
Store room 
Kitchen 
Dining hall 
Bed room 
Varandah 
Bath room 
Courtyard 
Bed room 
Varandah 
Kitchen 
Drawing room 
Bath room 
Courtyard 
Bed room 
Varandah 
Drawing room 
Bed room 
Average value 
S.D. 
Rel. Std% 
Track 
Density 
(Tr/Sq 
cm/day) 
8.4 
5.5 
4.4 
11.6 
6.6 
5.7 
11.7 
3.0 
10.7 
5.9 
10.3 
11.4 
6.4 
11.2 
12.9 
6.0 
6.8 
3.9 
10.5 
3.2 
10.1 
3.7 
12.1 
10.8 
9.9 
3.4 
9.1 
4.1 
11.0 
11.9 
8.07 
3.26 
40.39 
Potential 
Alpha 
Activity 
(mWL) 
18.9 
12.5 
10.1 
26.1 
14.9 
12.9 
26.5 
6.8 
24.1 
13.3 
23.3 
25.7 
14.5 
25.3 
29.4 
13.7 
15.3 
8.8 
23.7 
7.2 
22.9 
8.4 
27.4 
24.5 
22.5 
7.6 
20.5 
9.3 
24.9 
26.9 
18.26 
7.37 
40.36 
Radon 
Activity 
(Bqm-^ ) 
155.4 
102.5 
82.6 
214.9 
122.4 
105.8 
218.3 
56.2 
198.4 
109.1 
191.8 
211.7 
119.1 
208.3 
241.4 
112.4 
125.7 
72.8 
195.1 
59.5 
188.5 
69.4 
224.9 
201.7 
185.2 
62.8 
168.7 
76.1 
205.0 
221.6 
150.24 
60.67 
40.38 
Annual 
Effective 
dose 
equivalent 
(mSvy-*) 
5.9 
3.9 
3.1 
8.2 
4.7 
4.0 
8.3 
2.1 
7.5 
4.2 
7.3 
8.0 
4.5 
7.9 
9.2 
4.3 
4.8 
2.8 
7.4 
2.3 
7.2 
2.6 
8.6 
7.7 
7.0 
2.4 
6.4 
2.9 
7.8 
8.4 
5.71 
2.31 
40.46 
The system of dose limitation recommended by the International Commission on 
Radiological Protection (ICRP-65) applies for protection against radon and progenies 
also. A.K. Singh et al summarises the health effects of inhaled radon and its progenies 
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and gives recommendations/ guidelines for the control of exposure to high levels of 
radon encountered in dwellings and in work places. The commission in its report has 
recommended that some remedial measures against radon in dwellings are always 
justified above a continued effective annual dose of 10 mSv. Further, it also 
recommends that the action levels Should be set within a range of 3-10 mSv by 
appropriate regulatory authorities. On this basis of these recommendations, it is 
observed that the radon levels in dwellings surveyed in Kasimpur thermal power plant 
are in the action level limit. 
The variation of PAEC and radon concentration with type of room are shown 
in Fig. 5.2 
k3 k6 k9 k12 kIS k18 k21 k24 k27 k30 
Fig 5.2 Variation of PAEC(mWL)and radon concentration(Bqni ) with type of 
room 
5.3.2 Measurement of Indoor Radon and its Progeny In Dwellings of 
Ukhalana Village 
Present investigation were carried out to find the indoor radon levels in the dwellings 
of Ukhalana village situated about 5 km from Kasimpur Thermal Power Plant to 
study the effect of fly ash spreading from the Power Plant in the neighboring region. 
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Radon dosimeters containing LR-115 films were fixed in 20 rooms in the dwellings of 
Ukhalana village. 
Results and Discussion 
Table 5.2 Presents the measured PAEC values of radon daughters in mWL units, 
radon concentration in Bq m''' and annual effective dose 
Table 5.2 
Indoor radon levels in dwellings of Ukhalana village 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Location 
Living room 
Living room 
Varandah 
Living room 
Courtyard 
Kitchen 
Staircase 
Bathroom 
Staircase 
Varandah 
Living room 
Store room 
Living room 
Kitchen 
Living room 
Varandah 
Courtyard 
Bathroom 
Living room 
Staircase 
Average value 
S.D. 
Rel. Std.% 
Track 
Density 
(Tr/Sq 
cm/day) 
7.1 
7.8 
4.4 
8.9 
2.4 
12.7 
9.8 
7.6 
8.7 
4.8 
8.4 
9.6 
5.5 
10.7 
8.2 
4.3 
3.2 
7.3 
8 
7.5 
7.35 
2.59 
35.24 
Potential 
Alpha 
Activity 
(mWL) 
16.0 
17.7 
10.1 
20.1 
5.8 
28.7 
22.1 
17.3 
19.7 
10.9 
18.9 
21.7 
12.4 
24.1 
18.5 
9.7 
7.2 
16.5 
18.1 
16.9 
16.59 
5.85 
35.26 
Radon 
Activity 
(Bqm-') 
131.7 
145.5 
82.7 
165.4 
44.3 
236.1 
181.9 
162.2 
162.0 
89.3 
155.4 
178.6 
102.1 
198.4 
152.1 
79.4 
59.5 
135.6 
148.8 
138.9 
136.49 
48.10 
35.24 
Annual 
Effective 
dose 
equivalent 
(mSvy-') 
5.1 
5.5 
3.2 
6.3 
1.7 
9.0 
6.9 
5.4 
6.2 
3.4 
5.9 
6.8 
3.9 
7.5 
5.8 
3.0 
2.3 
5.2 
5.7 
5.3 
5.21 
1.82 
34.93 
176 
equivalent in mSv y"'. The radiation dose to the basal layer epithelium are estimated 
in terms of the effective dose equivalent using the conversion factor of 9 mSv/WLM, 
suggested by ICRP-65. 
The measured radon concentration in the dwellings of Ukhalana Village varies 
from 44.3 Bq m"^  to 236.1 Bq m'^  with an average value of 136.49 Bq m"^  Radon 
activity may vary with the ventilation condition, type of construction materials and 
other factors. Annual effective dose equivalent varies from 2.5 mSv y ' to 8.9 mSv y" 
' with an average value of 5.21 mSv y"'. In this case also Kitchen shows the maximum 
radon concentration which may be due to the contribution of radon from fuels (gas, 
kerosene etc.) and water. Courtyard here also gives minimum value of radon due to 
fair ventilation. The variation of PAEC and radon concentration with type of room is 
shown in Fig. 5.3. 
. -3 \ Fig 53 Variation of PAEC(mWL) and radon concentration(Bq m') with type of 
rooms 
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5.3.3 Measurement of Indoor Radon and its Progeny In the 
Dwellings of Sunamai Village 
Present investigations were carried out to find the indoor radon levels in the Sunamai 
village. It is situated about 3 km from Kasimpur Thermal Power Plant. Radon 
dosimeters containing LR-115 films were fixed in 10 rooms of different type in the 
dwellings of Sunamai village. Table 5.3 presents the measured PAEC values of radon 
daughters in mWL units, radon concentration in Bq m''' and annual effective dose 
equivalents in mSv y"'. The radiation doses to the basal layer of epithelium are 
estimated in terms of the effective dose equivalents using the conversion factor of 9 
mSv AVLM suggested by ICRP-65. 
Table 5.3 
Indoor radon levels in dwellings of Sunamai village 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Location 
Varandah 
Bath room 
Varandah 
Bed room 
Varandah 
Living room 
Staircase 
Courtyard 
Kitchen 
Drawing room 
Average value 
S.D. 
Rel. Std.% 
Track 
Density 
(Tr/Sq 
cm/day 
5.2 
8.5 
5.3 
6.2 
4.8 
9.4 
7.1 
3.6 
12.6 
9.2 
7.19 
2.72 
37.97 
Potential Alpha 
Activity (mWL) 
11.7 
19.3 
12.1 
14.1 
11.3 
21.3 
16.1 
8.0 
28.6 
20.9 
16.34 
6.18 
37.82 
Radon 
Activity 
(Bq m-^ ^ 
95.9 
158.7 
99.2 
115.7 
92.6 
175.3 
132.3 
66.1 
234.8 
171.9 
134.25 
50.81 
37.85 
Annual 
Effective 
dose 
equivalent 
(mSvy-') 
3.7 
6.0 
3.8 
4.4 
3.5 
6.7 
5.0 
2.5 
8.9 
6.5 
5.1 
1.92 
37.65 
The measured radon concentration in the dwellings of Sunamai village varies from 
66.1 Bq m"^  to 234.8 Bq m'^ ' with an average value of 134.25 Bq m"^  .The variation 
in radon activity may vary with the ventilation conditions, type of construction 
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materials and other factors. Annual effective dose equivalent varies from 2.5 mSv y' 
to 8.9 mSv y'' with an average value of 5.1 mSv y"'. As in previous cases kitchen 
shows the maximum radon concentration and courtyard the minimum value of radon. 
The variation of PAEC and radon concentration with type of rooms is 
presented in Fig 5.4. 
I Radon CononlraUon (Bq/m ) 
• PAEC(inWL) 
s1 s2 S3 s4 sS s6 s7 s8 s9 s10 
Fig 5.4 Variation of PAEC(mWL)and radon concentration(Bq m') with type of 
room 
5.4 Indoor Radon, Thoron and their Progeny using Twin Chamber 
Dosimeter Cups 
Measurement of radon, thoron and their progeny is important because of the radiation 
dose to human population due to inhalation of radon, thoron and their progeny. As the 
radon progeny contributes a major part of natural radiation dose to general population, 
attention has been given to the large scale and long term measurement of radon and its 
progeny. Thoron and its progeny contribute little for the radiation dose in normal 
background region due to its small half life. Thoron, "^^ Rn, is a natural decay product 
of thoron series. It has a half life of 55.6 seconds and decays through alpha particles. 
It is assumed that the inhalation dose to the human beings from thoron and its progeny 
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is negligible although some studies in many countries have revealed that this may not 
be entirely correct (Steinhauser et al., 1994). 
Experimental Details 
Concentration of radon- thoron and their progeny were measured using the twin 
chamber solid state nuclear track detector (SSNTD) based dosimeters using 12 (im 
thick, LR-115 type II pelliculable, celluslose nitrate based SSNTDs, manufactured by 
Kodak Pathe, France. The dosimeter has been developed at Bhabha Atomic Research 
Centre (BARC) (Mayya et al., 1998) and is shown in Fig. 5.5. Each cylindrical 
chamber has a height of 4.1 cm and a radius of 3.1 cm. one piece of the detector film 
(SSNTD) of size 3cm x 3cm, placed in compartment M measures radon only which 
diffuses into it from the ambient air through a semipermeable membrane of 25 jxm 
thickness having diffusion coefficient in the range of 10'* to 10"' cm"^  s"' (Eappen and 
Mayya, 2004). It allows the build up of about 90% of radon gas in the compartment 
and suppresses thoron gas concentration by more than 99%. The mean time for radon 
to reach the steady-state concentration inside the cup is about 4.5 hours. Glass fiber 
filter paper and thickness of 0.56 mm in the compartment R allows both radon and 
thoron gases to diffuse into it and hence the tracks on second piece of the detector 
film placed in this chamber are related to the concentration of both the gases. Third 
piece of the detector film exposed in bare mode (placed on the outer surface of the 
dosimeter) registers alpha tracks attributed to both the gases and their alpha emitting 
progeny, namely '^*Po, '^^ Po and '^^ Po. LR-115 detectors do not develop tracks 
originating from the progeny alphas, deposited on them (Durrani, 1997; Eappen et al., 
1998; Nikolaev and Illic Illic, 1999;) and, therefore, are ideally suited for radioactive 
gas concentration study. The exposed films were etched in 2.5 NaoH solution at 60% 
°C for 90mins. in a constant temperature water bath. The etching processes removes a 
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bulk thickness of 4 )im, leaving a residual detector for thickness of 8 fim. The 
detectors are pre-sparked using spark counter (Cross and Tammasino, 1970) at a 
voltage of 900V to fully develop the partially etched track holes. The tracks are then 
counted at the voltage corresponding to the plateau region of the counter (450V). The 
concentrations of radon, thoron and progeny are computed from the observed track 
densities using appropriate calibration factors. The calibration factors depend upon 
various parameters such as membrane and filter characteristics as well as the energy 
of the alpha particles for the cup mode exposure, the parameters of the etching 
process and spark counting characteristics. 
From the track density, concentration of radon (CR) and thoron (CT) were 
calculated using the sensitivity factor determined from the controlled experiment ( 
Mayya et al, 1998; Sannapa et al, 2003). 
CR(Bqm-^) = TJdxSn, (1) 
CT(Bqm-^) = Tf-dxQxSrf/dxStf (2) 
where 
CR = Radon concentration 
CT = Thoron concentration 
Tm = Track density in membrane compartment 
Tf = Track density in filter compartment 
d = Exposure time 
Sensitivity factor for membrane compartment is 
(Sn,) = 0.019 +0.003 trcm-^d"'/Bqm-^ 
Sensitivity factor for radon in filter compartment is 
(Srf) = 0.020 ± 0.004 trc m-^  d "'/Bq m"^  
Sensitivity factor for thoron in filter compartment is 
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(S,f) = 0.016 ± 0.005 trc m"^  d-'/Bq m'^  
The inhalation dose (D) in mSv y"' is estimated using the relation: 
D = [(0.17 + 9 FR ) CR+ (0.11+32FT) CT ] x 7000 x lO"* (3) where FR 
and FT are equilibrium factor for radon and thoron respectively. The values are taken 
as 0.4 and 0.1 for radon and thoron (UNSCEAR, 2000). 
The life time fatality risks were also calculated from the values obtained for 
radon and thoron and their daughters concentrations in terms of potential alpha energy 
concentration (PAEC) in mWL extracted from bare detector exposure. Measured 
radon/thoron concentrations were converted into equilibrium equivalent concentration 
(EEC) which was further converted into potential alpha energy concentration (PAEC) 
using the relation: 
CR or CT= PAEC (WL) x 3700/F (4) 
where, F is the equilibrium factor and its value is 0.4 and 0.1 for radon and thoron 
respectively (UNSCEAR, 2000). PAEC is converted into annual effective dose by 
using dose conversion factors. Radon daughter dose conversion factor for the 
population is given as 3.9 mSv per WLM whereas the effective dose equivalent for 
thoron is 3.4 mSv per WLM (ICRP, 1981). The life time risk associated with the 
exposure due to indoor radon and its progeny was computed by using 1 WLM = 
10x10"* case/year. If the risk persists for 30 years, life time fatality risk is 3x10'"* 
case/WLM (ICRP, 1981). 
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Fig 5.5 Radon-Thoron mixed field dosimeter system 
5.4.1 Measurement of Indoor Radon, Thoron and their Progeny in 
Dwellings inside the Kasimpur Thermal Power Plant 
In Kasimpur a big coal fired Thermal Power Plant is operational. Due to burning of 
coal which contains higher levels of uranium (Jojo et al., 1993) the subsequent 
emission to the environment can cause enhancement in the ambient radiation levels. 
In the present study, indoor radon/thoron measurements were carried out in the 
dwellings in the surroundings of the Plant and in neighboring regions using SSNTDs 
in plastic twin chamber dosimeter cups, 
Experimental Details 
Concentration of radon- thoron and their progeny levels inside the power plant were 
measured using the twin chamber solid state nuclear track detector (SSNTD) based 
dosimeters using 12 jam thick celluslose nitrate based pellicuiable LR-115 type II 
detectors, manufactured by Kodak Pathe, France. Twin chamber dosimeter cups fitted 
with LR-115 type II films were placed at 10 places inside the Kasimpur thermal 
power plant. All dosimeter cups were exposed for 100 days. 
Results and Discussion 
The values of radon and thoron concentration and inhalation dose obtained by using 
relations 1,2 and 3 are presented in Table 5.4. The results of the life time fatality risks 
are given in Table 5.5. Radon concentration is found to vary from 16 ± 2.9 Bq m"^  to 
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61± 5.6 Bq m"'' whereas thoron concentration varies from 6 ± 0.7 Bq m"^  to 56 + 5.1 
Bq m'''. Radon and thoron PAEC values are found to vary from 1.73 ±0.31 mWL to 
6.59 ±0.61 mWL and 0.16 ± 0.02 mWL to 1.51 ± 0.4 mWL. The annual effective 
dose from radon, and thoron is found to vary from 0.05 mSv y"' to 0.95 mSv y''. The 
life time fatality risk factor was also estimated and it varies from 0.01x10^ to 0.24 x 
10'*. The wide variation in the concentration of both radon and thoron and their 
daughters may be attributed to the 
Table 5.4 
Radon and Thoron Concentration and Inhalation dose inside Kasimpur Thermal 
Power Plant 
Location 
Oil cooler 
Water 
treatment 
plant 
Control room 
Office 
Near L.P 
heater 
Turbine hall 
4 
BMD store 
room 
Near stair 
case 
Mechanical 
workshop 
Near induced 
draft fan 
Minimum 
Maximum 
Average 
value 
S.D. 
(Tr cm-^ ) 
73.00 
54.35 
62.25 
57.81 
44.66 
62.00 
59.00 
31.33 
116.8 
112.6 
31.33 
116.8 
67.38 
27.33 
Tf 
(Tr cm-^ ) 
110.00 
118.75 
132.56 
123.63 
57.00 
138.00 
108.75 
122.17 
135.25 
132.5 
57.00 
138.00 
117.86 
23.66 
CR 
(Bq m-') 
38 ± 4.4 
28 ±3.8 
32 ±4.1 
30 ±3.9 
23 ± 3.4 
32 ±4.1 
31 ±4.0 
16 ±2.9 
61 ±5.6 
59 ±5.6 
16 ±2.9 
61 ±5.6 
35 ±4.18 
14.43±.85 
CT 
(Bq m-^ ) 
21 ±2.0 
39 ±3.6 
42 ± 3.6 
39 ±3.5 
6 ±0.7 
46 ±3.9 
29 ±2.8 
56±5.1 
8 ±0.7 
9 ±0.8 
6 ±0.7 
56 ±5.1 
29.5 ± 2.67 
17.69± 1.55 
D (inhalation 
dose) (mSv y'*) 
1.48 
1.64 
1.82 
1.69 
0.75 
1.91 
1.52 
1.71 
1.79 
1.77 
0.75 
1.91 
1.61 
0.33 
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Table 5.5 
Radon and Thoron daughters, annual exposure (WLM), life time fatality risk 
factor inside Kasimpur Thermal Power Plant 
Location 
Oil cooler 
Water 
treatment 
plant 
Control room 
Office 
Near L.P 
heater 
Turbine hall 
4 
BMD store 
room 
Near stair 
case 
Mechanical 
workshop 
Near induced 
draft fan 
Minimum 
Maximum 
Average 
value 
S.D. 
Radon 
daughters 
(mWL) 
4.1010.48 
3.0210.41 
3.45 +0 .44 
3.24 1 0.43 
2.48 10 .37 
3.45 1 0.44 
3.35 10 .44 
1.7310.31 
6.5910.61 
6.3810.60 
1.7310.31 
6.5910.61 
3.78 10.45 
1.5610.93 
Thoron 
Daughters 
(mWL) 
0.57 10.05 
1.0510.09 
1.1410.09 
1.0510.09 
0.1610.02 
1.2410.1 
0.78 10 .08 
1.51+0.14 
0.221.02 
0.2410.02 
0.1610.02 
1.5110.14 
0.791.07 
48 1 0.04 
Annual 
Exposure 
(radon + 
Thoron) 
WLM 
0.149 
0.147 
0.165 
0.154 
0.014 
0.169 
0.149 
0.117 
0.238 
0.238 
0.014 
0.238 
0.154 
0.063 
Life time 
fatality risk 
factor xlO"^  
0.45 
0.44 
0.49 
0.46 
0.04 
0.51 
0.44 
0.35 
0.71 
0.72 
0.04 
0.72 
0.46 
0.19 
Effective 
dose (mSv y'') 
0.58 
0.55 
0.62 
0.58 
0.05 
0.64 
0.57 
0.43 
0.95 
0.93 
0.05 
0.95 
0.59 
0.25 
variation in radioactivity in the region, the soil beneath the house, the ventilation, 
construction material and the type of construction etc.. Thoron may contribute a little 
towards the radiation dose. The inhalation dose and radon and thorn concentration are 
within the permissible limits. The percentage frequency distribution of radon in 10 
dwellings is shown in Fig. 5.6. The percentage frequency distribution of thoron and 
the percentage frequency distribution for dose rates in these dwellings are shown in 
Figs. 5.7 & 5.8 respectively. 
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I Count 
^1- y *JS-_ 1 
Radon concentration(Bq m") 
Fig 5.6 frequency distribution of radon in 10 dwellings inside of Kasimpur 
thermal power plant. 
Thoron concentration(Bq m"^ ) 
Fig 5.7 Frequency distribution of thoron in 10 dwellings inside of Kasimpur 
thermal Power plant 
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1.4 1.6 1.8 
Inhalation dose(mSv/Y) 
Fig 5.8 Frequency distribution of inhalation dose in 10 dwellings inside of 
Kasimpur thermal power plant. 
As can be seen the maximum frequency of radon concentrations of radon, thoron and 
inhalation dose lie between 25 Bq m'^  to 35 Bq m'^  and 35 Bq m"^  to 45 Bq m"' and 
1.5 mSv y'' to 1.8 mSv y'' respectively. 
5.4.2 Measurement of Indoor Radon, Thoron and their Progeny in the 
dwellings of Ukhalana village 
In the present study, indoor radon/thoron measurements in the dwellings of Ukhalana 
village situated about 5 km from Kasimpur Thermal Power Plant were carried out to 
obtain the representative data. Twin chamber dosimeter cups were fixed in 10 
different type of rooms in the dwellings of the village for these measurements and the 
method is described in the previous section 5.4 
Results and Discussion 
Tables 5.6 and 5.7 present the measured and computed data. Radon concentration is 
found to vary from 13 ± 2.54 Bq m"^  to 42± 4.66 Bq m"^  whereas thoron concentration 
varies from 11 ±1.27 Bqm"^  to 39 ±4.08 Bq m"^  as shown in Table 5.6. Radon and 
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thoron PAEC values vary from 1.41 ±0 .27 mWL to 4.54 ±0 .5 mWL and 0.29 ±0 .03 
mWL to 1.05 ± 0.11 mWL. The annual effective dose 
Table 5.6 
Radon and Thoron Concentration and Inhalation dose in Ukhalana village 
Location 
Drawing 
room 
Courtyard 
Store room 
Bed room 
Kitchen 
Drawing 
room 
Kitchen 
Bed room 
Shop store 
Varandah 
Minimum 
Maximum 
Average 
value 
S.D. 
T™ 
(Tr cm"^ ) 
25.13 
30.83 
51.33 
81.25 
28.00 
26.12 
28.35 
55.50 
31.28 
29.00 
25.13 
81.25 
38.68 
18.34 
Tf 
(Tr cm'^ ) 
82.21 
85.17 
97.67 
116.00 
91.33 
48.33 
72.00 
75.67 
75.00 
58.33 
48.33 
116.00 
80.17 
19.29 
CR 
(Bq m-') 
13.0 ±2.59 
16.0 ±2.88 
27.0 ± 3.78 
42.0 ±4.66 
14.0 ±2.65 
13.0 ±2.54 
14.0 ±2.63 
29.0 ±3.89 
16.0 ±2.86 
15.0 ±2.78 
13.0 ±2.54 
42.0 ±4.66 
19.9 ±3.13 
9.7±0.72 
CT 
(Bq m-') 
35.0 ±3.86 
33.0 ±3.58 
27.0 ± 2.73 
20.0 ±1.86 
39.0 ± 4.08 
13.0 ±1.87 
27.0 ±3.18 
11.0 ±1.27 
26.0 ± 3.00 
17.0 ±2.23 
11.0 ±1.27 
39.0 ± 4.08 
24.8 ± 2.77 
9.4±0.94 
D (inhalation 
dose) (mSv y"') 
1.15 
1.19 
1.34 
1.57 
1.27 
0.64 
0.99 
1.02 
1.02 
0.79 
0.64 
1.57 
1.09 
0.27 
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Table 5.7 
Radon and Thoron daughters, annual exposure (WLM), life time fatality risk 
factor in Ukhalana Village 
Location 
Drawing 
room 
Courtyard 
Store room 
Bed room 
Kitchen 
Drawing 
room 
Kitchen 
Bed room 
Shop store 
Varandah 
Minimum 
Maximum 
Average 
value 
S.D. 
Radon 
daughters 
(mWL) 
1.41+0.28 
1.73 ±0.31 
2.92 + 0.41 
4.54 + 0.50 
1.51 ±0.29 
1.41 ±0.27 
1.51 ±0.28 
3.14 ±0.42 
1.73 ±0.31 
1.62 ±0.30 
1.41 ±0.27 
4.54 ±0.5 
2.15 ±0.34 
1.05 ±0.08 
Thoron 
Daughters 
(mWL) 
0.95 ±0.10 
0.89 ± 0.09 
0.73 ± 0.07 
0.54 ± 0.05 
1.05 ±0.11 
0.35 ±0.05 
0.73 ± 0.09 
0.29 ± 0.03 
0.70 ± 0.08 
0.46 ± 0.06 
0.29 ± 0.03 
1.05 ±0.11 
0.67 ± 0.07 
0.26 ± 0.03 
Annual 
Exposure 
(radon + 
Thoron) 
WLM 
0.085 
0.094 
0.131 
0.183 
0.092 
0.063 
0.081 
0.124 
0.088 
0.075 
0.063 
0.183 
0.102 
0.035 
Life time 
fatality risk 
factor xlO"'* 
0.25 
0.28 
0.39 
0.55 
0.28 
0.19 
0.24 
0.37 
0.26 
0.22 
0.19 
0.55 
0.30 
0.11 
Effective 
dose (mSv y"') 
0.31 
0.35 
0.49 
0.70 
0.34 
0.24 
0.30 
0.48 
0.33 
0.28 
0.24 
0.7 
0.38 
0.14 
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from radon, and thoron is found to vary from 0.063 mSv y ' to 0.183 mSv y"'. 
Estimated life time fatality risk factor varies from 0.19x10^ to 0.55xlO"^  as can be 
seen from Table 5.7. The inhalation dose is found to vary from 0.64 mSv y"' to 1.57 
mSv y"'. Due to its short half thoron contribution may be very small as expected in 
normal background areas. In the present case radon and thorn concentrations are 
within the permissible limits. 
The percentage frequency distribution of radon in these dwellings is shown in 
Fig.5.9. It is clear from the figure that majority of dwellings monitored, have radon 
values lying between 10 Bq m"^  to 15 Bq m"^ . For thoron the percentage frequency 
distribution is shown in Fig. 5.10. Majority of dwellings monitored, have thoron 
values lying between 27.5 Bq m"^  to 35 Bq m"^ . Frequency distribution for dose rates 
as shown in Fig.5.11 indicates that majority of dwellings have dose rate values lying 
between 1 mSv y'' to 1.2 mSv y''. 
I Count 
40 45 
Radon concentration(Bq m') 
Fig 5.9 Frequency distribution of radon in dwellings of Ukhalana village 
190 
10 15 20 25 30 35 40 45 
Thoron concentration(Bq m"^ ) 
Fig 5.10 frequency distribution of thoron in dwellings of Ukhalana village 
Inhalation dose(mSv/Y) 
Fig5.il Frequency distribution of inhalation dose in dwellings of Ukhalana 
village 
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5.4.3 Measurement of Indoor Radon, Thoron and their Progeny in 
Dwellings of Sunamai village. 
Indoor radon and thoron measurements in the dwellings of Sunamai village using 
twin chamber dosimeter cups was measured to see whether the distribution of fly ash 
spreading from the Power Plant may change the ambient radiation level in the indoor 
atmosphere. Same method was applied as discussed above. 
Results and Discussion 
Tables 5.8 and 5.9 present the data for radon, thoron and their daughters. Radon 
concentration is found to vary from 14 + 2.67 Bq m"^  to 58+ 5.51 Bq m"^  whereas 
thoron concentrations varies. 
Table 5.8 
Radon and Thoron Concentration and Inhalation dose in Sunamai Village 
Location 
Bath room 
Bath room 
Courtyard 
Store room 
Stair case 
Varandah 
Bed room 
Kitchen 
Minimum 
Maximum 
Average 
value 
S.D. 
Tm 
(Tr cm-^ ) 
28.5 
64.2 
27.5 
82.33 
38.65 
40.7 
110.67 
57.67 
27.5 
110.67 
56.28 
28.92 
Tf 
(Tr cm-^ ) 
44.00 
124.00 
67.5 
113.5 
131.81 
125.33 
121.45 
85.00 
44.00 
131.81 
101.57 
32.23 
CR 
(Bq m-') 
15 + 2.81 
33 ±4.12 
14 + 2.67 
43 ± 4.74 
20 ± 3.22 
21 ±3.29 
58 ±5.51 
30 ±3.95 
14 ±2.67 
58 ±5.51 
29.25±3.79 
15.21 ±.98 
CT 
(Bq m-^ ) 
8 ±1.21 
36 ± 3.23 
24 ±2.92 
17±1.59 
57 ±4.97 
52 ± 4.65 
3 ± 0.27 
15 ±1.63 
3 ±0 .27 
57 ±4.97 
26.5 ±2.56 
19.98±1.67 
D (inhalation 
dose) (mSv y"') 
0.58 
1.70 
0.93 
1.53 
1.85 
1.76 
1.60 
1.14 
0.58 
1.85 
1.39 
0.45 
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Table 5.9 
Radon and Thoron daughters, annual exposure (WLM), life time fatality risk 
factor in Sunamai Village 
Location 
Bath room 
Bath room 
Courtyard 
Store room 
Stair case 
Varandah 
Bed room 
Kitchen 
Minimum 
Maximum 
Average value 
S.D. 
Radon 
daughters 
(mWL) 
1.62 ±0.30 
3.57 ±0 .45 
1.51+0.29 
4.65 ±0.51 
2.16 ±0.35 
2.27 ±0 .36 
6.27 ±0.59 
3.24± 0.43 
1.51 ±0.29 
6.27 ±0 .59 
3.16 ±0.41 
1.65 ±0.10 
Thoron 
Daughters 
(mWL) 
0.22 ± 0.03 
0.97 ±0 .09 
0.65 ± 0.08 
0.46 ± 0.04 
1.54 ±0.13 
1.41 ±0.13 
0.08 ±0 .007 
0.41 ±0.04 
0.08 ±0 .007 
1.54 ±0.13 
0.72 ±0 .068 
0.54 ±0 .046 
Annual 
Exposure 
(Radon + 
Thoron) 
WLM 
0.066 
0.163 
0.078 
0.184 
0.133 
0.132 
0.229 
0.13! 
0.066 
0.229 
0.139 
0.053 
Life time 
fatality risk 
factor xlO"* 
0.19 
0.49 
0.23 
0.55 
0.39 
0.39 
0.69 
0.39 
0.19 
0.69 
0.42 
0.16 
Effective 
dose (mSv y"') 
0.25 
0.62 
0.29 
0.71 
0.49 
0.49 
0.89 
0.50 
0.25 
0.89 
0.53 
0.21 
from 3 ± 0.27 Bq m'^  to 57 ± 4.97 Bq m"^  Radon and thoron PAEC values vary from 
1.51 ± 0.29 mWL to 6.27 ± 0.59 mWL and 0.08 ± 0.007 mWL to 1.54 ± 0.13 
mWL. The annual effective dose from radon, and thoron is found to vary from 0.066 
mSv y'' to 0.229 mSv y''. The life time fatality risk factof was also estimated and 
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varies from 0.19x10"^ to .69 x lO"^ . The inhalation does, radon and thorn 
concentration are within the permissible limits. 
The percentage frequency distribution of radon, thoron and inhalation dose are 
shown in Figs. 5.12, 5.13 and 5.14. 
• Count 
o 2.5 
10 20 30 40 50 60 70 
Radon concentration(Bq m"') 
Fig 5.12 frequency distribution of radon in 8 dwellings of Sunamai village. 
10 20 30 40 50 60 
Thoron concentration(Bq m'^ ) 
Fig 5.13 frequency distribution of thoron in 8 dwellings of Sunamai village 
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0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Inhalation dose(mSv/Y) 
Fig 5.14 frequency distribution of inhalation dose in 8 dwellings of sunamai 
village. 
It is clear from the Figures that majority of dwellings monitored, have radon values 
lying between 10 
Bq m'"* to 25 Bq m'^  and Majority of dwellings monitored, have thoron values lying 
between 15 Bq m'^  to 30 
Bq m'^  and majority of dwellings have dose rate values lying between 1.6 mSv y"' o 
2.0 mSv y-'. 
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